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Abstract; To study the enrichment effect of polycyclic aromatic hydrocarbons (PAHs) on soil organisms in petroleum-
contaminated soil, the earthworm Eisenia foetida was selected as the test organisms. After exposure to petroleum with
different concentrations (0 ~20 g-kg™") for 7, 14,21 and 28 d, respectively, and then the bio-enrichment and bio-concen-
tration factors (BCF) of total PAHs and various cyclic PAHs in earthworms were measured. Moreover, the effects of pe-
troleum-contaminated soil on the enrichment characteristics of PAHs in earthworms were also evaluated. The results

showed that the enrichment of total PAHs and various cyclic PAHs by earthworms was significantly (P<0.05) higher than
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that of the control group, and was also increased with the increase of petroleum hydrocarbon concentration and exposure

time, showing a strong enrichment effect. For the same concentration of petroleum hydrocarbon exposure, the bioaccumu-

lation of two ring, three ring, four ring PAHs were higher than those five and six ring PAHs in earthworm. With the con-

centration of petroleum hydrocarbon increased, the above selective enrichment characteristics was more obvious. Addi-

tionally, the BCF of total PAHs and various cyclic PAHs in earthworm increased firstly and then decreased when the pe-

troleum hydrocarbon concentration increased. These results indicated that there was no significant correlation between the

bio-enrichment and BCF of PAHs in earthworm. The results provided a basic data and reference for assessing the eco-

logical risk of petroleum hydrocarbon and PAHs pollution to soil organisms.
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AR SR LR — PE R
GEIMR” A BB 4 o N T oK AN W
BERAEAS AR TS P O &, H 4552 3z R
PSRN S 1188 S WY (U VA eyl et 1 S D e P u ke
1Y = A HE R 2 35 95 42 (polycyclic aromatic hydro-
carbons, PAHs)AY 52 I, i vl DA A& A 1 ihTs G
BHEAE R PAHs 1554, ILAh, PAHs 2 A MG E
B RSy, EARAL A B R 5% ~ 9%,
{HR PAHs HA BZAE BUmE  BOR s & 1y
RLRBUIR NG 4 K 2800 & T PAHSs i
B WS R AR s e R IR SR A
PAHs 754" 3f H PAHs HA 355 M i K M ) 1k
SRR B R R A B B Y R A AR N
AWrE LT B, WEI AR TS e T 4
HEW%F PAHs & AR RHIEXNT T IR RGP &
52 RE R PPAL R ARAT L EEY

W A5V - TS Y W AR R A, e A A
%S4 H Rl 52 0 PAHS 78 + 3 b 103 48 FnfE
R A E R R BT ARSI R A Y
PRSI RO ) R 43 BT i | o PAHs (1) 4R
A AR AL, AT LA TR] 42 b e ke - 34 Tl A
TSGR . H TR TS Y e e A ) A L
YR N I & EFREF R O A — S i o
FAOMIG YR Y PAHSs 15 44 h R [R] 2R 4L PAHS 78
AR PN 1) SRR R AE 9 0 A i, DRI, AR
SCASEAD - HEAE AN [R] 75 e J32 A il e v e Jh 3 I e s
X HAERE) PAHs & 48 5 f1 & 48 R B9, 5 n AN
[ P40 PAHSs 78 Bz M| {4 P 1) & 22 AR , I 0F 90 i SR
A Ry et is ey vh PAHSs X -3 AR Wiy AR A
fat BVl $e B BE 4%

1 ##57 % (Materials and methods)
1.1 SERb R
56 BT 2 7 % W W8] ( Eisenia foetida) A [E] Br AR

#E(OECD 20756 45 Fp 2 —U7 | iy F L B 57 B e
WA BR A F o5 F 2 A 35 ~ 70 mm, B8
3~5mm, FAAE, L6 06 AR
0, A BRI 2R A8 /D A7 8] IX A B4 (258 B Y
W, PRBEfa AN 5 24 h s R IE XS5
Y,

16 R Je 2 il () 2 3155 & PAHs (258, &
&2 AF B R[] BUE ORI [b]PE A
ARIFKPEE R I [a]vE . 2R I [a,h ] B I [1,2,3-
cd]E8 FZRIT [g,h, 196 AR HEFE S (W R W 2 mg -
mL™"), g 3 2 E J&K Acros /A H] {04l — 5 H b
HNIEC BEMgSE A K EE T BRERHERECA RA A, i
SRR JZ T R A R TG K A R A S 11 R HE T Ak
SR,

T A S Y R 3 222 1580 ~ 20 cm)
A3 2R L 2R 8 i Rt ) SR ) (37°7 N, 118°
22'E) S BT T TE e r AR K R HERE S H AR K
T, 2 mm G 0 E H: pH (0 8.3 ~ 8.4, £17H75 Y
TIEANE A AL S B B 2753 g-kg!
590 g-kg™'

1.2 3 BA e S = PAHSs & & filE

R P R A R IR BRI I B
MRS RN FREUS.0 g a0 S A hTE g R
e IE A R IR EES o A 150 mL — 4
e, T 55 CHERKIBZEI 24 h, ZREEHRE, I
TIRESE,55 Clekk 28 & 21, 76 38 Kb N 15 &
FfHE, FRE TR, 2R, AiE g B A
KRS R 1100 g-kg™' o B B A2 U feE
FEEMTAEA2 em BERE,6 ecm AALER AT 1 cm TC/K AR IR
BHIEFE), A 70 mL IEC ks &b 1:1 IRAH
VEE, PRS2 5 PAHs DRI, K-k I8 T P U ie
7K FAEE A 2 mL B IR BEZE AR R ik
T, eSS IECHEERZ 10 mL, 1 mL TS



4 4

B < AT Y L M 85I X PAHs B AT

473

FHZNIL AR RN SR FHASCAH €253 52 135 5% FH 75 (GC-MS)
XFA G Y -3 16 Ff PAHs #1755 0HT
1.3 Memsl A iS4 A R AR SR

ZRG 2% JE A M R TE S PR IS e 4 v i TR
(1100 g-kg ") S H X b #5] 14 d-LCy, WE (1.9 g-
kg™ )RR O A A RS Y S e
AN B 5 43R A, B BN R (0,05 .1.0 2.5,
5.0.10.0 F120.0 g-kg )£ IiIET5 G 38 FH T e 1]
Yo RERIRI B OECD (2004)HE 7 1Y bR E 7 1
AT QLRSI R ] 1 L BYBEAR, RSB o
A 500 g TSI AS[R) e B A i a7 Y 3R RE 5
ARV IS 3 AN E A, B [R]85 K
IR KFKE 60% . F-fif 24 h J5¥s S 3Esi
PI5) BB 10 2B 2955 I i), & T
20 CN TR I 47 h SR mE R OL G 572, 0 ) 2
#57.14 21 A1 28 d B, NEEABEAR P O 2 ki
Il FHZE K eV TE M FRE LR 4o, T-80 °C
AR VK AE T IAAE , T IR 825250
1.4 PAHs & & HIE

H G438 PAHs 7t 19 2205 WA = SR £
T AREIE SO SN AR AR A5
TERC LR RSO GC-MS 35X A5 Y+

HEFNME IR AR N 16 Fl PAHs HE4T5E 10T
1.4.1  HESIEER RPN PAHS MU4RES & 4

FRE— 2 V8 R T 14 48 h B8 R AR A e
WSIRE i, U ACHS B 051 S A 6, SR A 1.2 g 4
—FE )R FAR U A AR EUR & A2 0 W54 P9 (1) PAHS
B AL 2 i s R 5 P R PAHs ZEBURUG , AR5
FHEAGS A IE S e E A 2 10 mL, B 1 mL FAH/N
] GC-MS &
1.4.2 GC-MS Jll%E PAHs 1843 H7 14

FIH GC-MS D5975 S5k AL (Agilent, 3 [F)
() SIM A 5 4 S AN ie 5] (A )9 119 PAHs, (538 4%
PNTF L 4384 K TR5-MS 435%4E(30 mx0.25 mmx
025 wm), #3041 A (99.999% ), A R
JEH 280 C, FEREAR R 1 WL, B4 A shik ke,
FEIRAS FHERRF IR IR E 70 °C 745 2 min, SR)5
LI 10 °C -min™' FFFE 260 °C,{#4F 8 min, fxJ5 VA 5
C-min"' EFF%E 300 °C,0/FF S min, RHIMzEEXT
PAHs HET5E 2017, LA 16 Ff PAHs A5 i FE 5 76 AH
6] 0,335 2511 T RESR Y C10 ~ C35 2 [A] T HY 1 5,3
PEAT RS, T 3R A f 40 B 45 5% . 16 B PAHSs 119
PR BR B 1] SRR AR B U35 1 TR, A v i €6 335 14
mE 1 piR,

F1 16 MEIFFE R (PAHs) iR EERMEHNSEHE GC-MS WESH

Structural parameters and GC-MS determination parameters of 16 polycyclic

aromatic hydrocarbons (PAHs) standard samples

Table 1
LB U I T2 2

Peaks order Chemical name
1 Z% Naphthalene
2 J& Acenaphthylene
3 T AJE Acenaphthene
4 %j Fluorene
5 3F Phenanthrene
6 B Anthracene
7 ¢ & Fluoranthene
8 Bt Pyrene
9 ZKJf[a]# Benzo [a] anthracene
10 J#i Chrysene
11 7K [b]7¢ 1 Benzo [b] fluoranthene
12 78I [k]2¢ 1 Benzo [k] fluoranthene
13 ZKJf-[a]tE Benzo [a] pyrene
14 - 2KFt[a,h]E Dibenzo [a,h] anthracene
15 B F[1,2,3-cd]iE Indeno [1,2,3-cd] pyrene
16 2R If[g,h,ildE Benzo [g,h,i] perylene

FREE T % B4 B 6] /min i (ng-kg™)
Characteristic ion Retention time/min Content/(pg-kg“)
128/127,129,102 795 1 000
152/151,153,76 11.67 1 000

154/153,152 12.07 1 000
166/139,165 1332 1 000
178/165,163,82,176 15.67 1 000
178/179,176.,89 15.79 1 000
202/200,101,203 18.56 1 000
202/200,201,101,203 19.11 1 000
228/226,229 2248 1 000
228/226,230,113 2262 1 000
252/250,253,126 27.14 1 000
252/253,250,126 2727 1 000
252/207,253,250,126 28.55 1 000
278/279,139,276 3294 1 000
276/276,279,138 33.09 1 000
276/138,137,277 34.03 1 000
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Retention time/min

1 PAHs fREHME GC BiLE

Fig. 1

1.5 BdRGIHAs A b

XF L PAHSs 76 i 15 {4 4 14 25 ) & 4 & 5L (bio-

concentration factors, BCF)#E 73158, A=LUNF .

BCF=C,/C, (1)
L1, €, MR EE A Fih PAHS R (ng-g™);
C, HUEH T PAHs &AM (ng-g™),

i W SEB0 A E 3 AL 4 AT, 25 SR
SERE e hrE IR 22 2 | B /E IR Origin 20210 #X
PEALTE, SEEBOEE ] SPSS 20.0 it 4k #ki7 2
K )5 22(ANOVA) 73+ BT, P<0.05 . P<0.01 4 5 1

2 ZR 5178 (Results and discussion)
2.1 AilkETs Y+ PAHs (8 i XA M RHIE

GERW A5 Y B A 32 0 0 e
16 # PAHs E& 8 0.56 wg kg™, 1 A1 k15 s
F)Z HHE 16 Fh PAHs & & & 1K 20 070 pg -
kg™, M P& Maliszewska-Kordybach®" 2 ity + 3
PAHSs 75 Y EA b, il + 396 PAHS (14 5% B8 e 3
O34 NG ARG YR (<200 pg - kg R TG
(200 ~ 600 pg-kg™) . FEETS (600 ~1 000 pg-kg™)
FIP=E 5L (>1 000 pg-kg™'), BT IXKZTHE
3 TR IS Y 8 T A hTs Yk 13 PAHSs 1)
PS8 R A 7 S G bR e 20 A3, UERHIZHRIX 4 58
C.32 %) PAHs 4™ Ei55e, MLAh, 5 Al
HbIX PAHS 15 Yy /™ 5 -+ HEAH Lb, 40 [ 22 20 e i i
4238 X 43 PAHs 7 (5 030 wg-kg™") k2 i 5 iy

GC diagram of PAHs standard sample

RREF 2N A28 X 118264 030 pg- kg™ )FIENEE
VOV g i L2 PR M e A A b+ 3 (11 720 pg -
kg )P ARWESE TG Y 1 h PAHS % = AR B 5 J
B AR ESS R, T LTS 4 3 AR Ml XN 2K
AT T R 3% 3l %) + 45 PAHS 8 5 7K S 35 4L i 5
iy, DR 275 T ) PAHS 6 B S 3R PEPERS TAE

+- 4 PAHs PREL A 4 AT Jz b HL 4] 43 RRAE
[ AR R LA R 1975 Yok U8, 76 J5 151 PAHSs 15 fif
ML G 22 0 5 22 (0 SE R BUE SO EEVE ™Y B,
R4 16 B PAHs PRECA B 0T LUK A3 0 2 IR (25,
&\ EUE M) 3 HEE BRI E) 4 (R
[al B i RIE[b]2¢ BRI AR IE (K9 ) 5 PR FH[a]
BE ORI [a,h BRI IR (1,2 3-cd]EE) Ml 6 IR IT[g,
h,i]d6)PAHs , HAH R (45 a0k 2 iR, WK 2
AIHL, AHIE T A ke TS Y 3 b 2 ASSRER Y PAHS
TR 343 pg-g’ 3 NIRRT PAHs &l 12.13
pg-g™ 4 NORIRAY PAHs &M 3.80 pg-g”' L5 A
FRIFFN 6 DIRERF) PAHs S 7058 041 pg-g™ F
030 pg-g™', PAHs IREL A AR 3 3160 .44% )>
4 3£(18.93%)>2 ¥£(17.10%)>5 ¥ (2.04%)>6 ¥
(149%), HULT]T UL, A& PAHs V5 4% -3 3 34
4 3 PAHs 5 A B K ELBI(>79%), X 5 [ P HAl
PAHSs 15 Y b IX (1 241 0 R A 5% 235 SR AR — 2007,
ArmETs g S R IR TE A F 1121 pe-
g HIK>1.00 pg- g MRIKIED) 1.58 pg-g™', JH
127 pgg B 122 pgrg™', 28 1.1533 pg-g',



4 4

B < AT Y L M 85I X PAHs B AT

475

Table 2 Determination parameters and results of 16 PAHs in petroleum hydrocarbon contaminated soil by GC-MS

K2 AMETLTED 16 i PAHs B GC-MS NESH R &R

H T

Peaks order

ez 2

Chemical name

#hitl

Structural formula

E7%3'

Ring number

LB IR ] /min

Retention time/min

Tt (pgeg™)
Content/(pg-g™")

zs
1 OO 2 795 1.15+0.58
Naphthalene
JeA
2 ‘ 3 11.67 0.24+0.20
Acenaphthylene
e
—=Je
3 ‘ 3 12.07 046+0.55
Acenaphthene
7 »
4 Q Q 3 1333 158+0.55
Fluorene
. C
5 3 15.67 11.21£1.19
Phenanthrene OO
6 3 15.78 048+0.03
Anthracene
D
7 p 4 18.56 044+0.50
Fluoranthene O O
[
8 “ 4 19.11 122+0.01
Pyrene OO
ESIIRIL 0
9 C 4 2248 032025
Benzo [a] anthracene
. 0
10 4 22.62 127+0.18
Chrysene OO
HIF DI O
11 ‘ 5 27.14 0.34+0.80
Benzo [b] fluoranthene O O
A I[P
12 [ OO.O 5 27271 0.65+023
Benzo [k] fluoranthene '
AKIf[altE
13 Ooob 5 2855 027+0.06
Benzo [a] pyrene Q
R FF[a,h]E O
14 Oe‘ 5 3294 0.09+0.01
Dibenzo [a,h] anthracene O
EfiJF[1,23-cd]EE G‘
15 .OO 6 33.09 0.05+0.03
Indeno [1,2,3-cd] pyrene O
——_— 40
16 [eb1] 3403 0.30+0.03

Benzo [g,h,i] perylene

N




476 EOR OF M Oo¥ R P17 5

2.2 ARG YA M PAHs 43 PAHs 76 2.3 @75 YL i T PEFE i 5 PAHs & %

e 1 4% P 1) 5 SRR AR PAHs 7 8 W44 Py 1) & 22 22 1k

PRARAE , A W) 3R % 19 PAHSs 76 i 151 44 P4 1) 5 4 EATMEEINATE YT 7 ~28 d &, & PAHs 4%
SR ANEI R W 2 B TR TG A IS TS Y
FZHT,16 f PAHs 7EML A N B AN RIFRE R, @ S PAHSs Total PAHs O 2FRPAHS 2 rings PAHs
K021 pgeg. MiH ERETd SR 14280 5 03UIPAIL Srme baty  BEPAIe rnss PAIL
FHEL, B PAHs F14% 35 PAHs 7 i 45| A9 14 PN & B2 ik J :\;rf
WA i M2 5 (P<0.05), BEWIAE 7 d pydEdslxt 22 ] 7
PAHS i RO AEIPG. b BT antml =2 gl 1 |
AASRAL PAHS B BT 0.2 R PAsQ1T 2| % g |
ng-g)>5 I PAHS(O05 pg-g)>4 I PAHS003 pg =2 ] g, g| §| %
-g™')>3 B PAHs(0.02 pg-g')>6 F PAHs(0.01 pg- 2 g 2 % g
o), AR RALIFS: T RFIFRALH) PAHS 164574 |5 [ | \51 1]
PRI RIS 2% 5, SN, N6 3 B, R no—HL R LR L

28 d I, HEU8) X AN [F) PR PAHS 19k 10 3 4 2 M0 e g
¥4 :5 ¥ PAHs(0.58)>4 3£ PAHs(0.46)>3 ﬂ PAHs P ——
(0.44)>2 31 PAHs(0.32)>6 ¥/ PAHs(0.24), X, g
= T 85142 PR ) B S R
¥R T 2 35 PAHSs Ab, Ml X HA 2 ¥F PAHs &4 5

Fig. 2 Enrichment of total PAHs and various cyclic PAHs
= AE ¥ =~SN ) e : . H
AR R B — S L in uncontaminated soil by earthworms

R3 FEREE FFRETE PAHs & &3R8 PAHs 7ERLE| K P E £ 9= 5 7 2 ( BCFs)
Table 3 Bio-concentration factors (BCFs) of total PAHs and various cyclic PAHs at different exposure

duration and concentration in earthworms

AR E (g kg™) B PAHs A& 5 R 8 2 35 PAHSs [2E Y & £ R 5L 3 35 PAHSs 2E Y & £ R 5L
Petroleum hydrocarbon BCFs of total PAHs BCFs of 2 rings PAHs BCFs of 3 rings PAHs
concentration/(g-kg™') 7d 14 d 21d 28 d 7d 14 d 21d 28 d 7d 14 d 21d 28 d
0 044 034 026 0.54 032 0.54 045 032 0.55 0.66 044 044
05 1431 1559 1483 17.06  22.10 23.19 3005 2320 225 2.03 198 345
1 2358 2070 2142 2878 4880 5032 51.16 @ 52.19 7.75 9.55 10.81 1625
25 1227  11.18 1357 1935 2723 2646 2792  28.16 451 4388 5.83 1149
5 507 4774 5.701 894 1129 1157 12.35 14.94 277 225 283 483
10 326 224 3.06 451 749 778 794 8.09 1.90 129 1.50 1.87
20 1.78 1.54 1.96 254 3.68 4.17 5.19 537 097 0.80 0.89 1.11
AR E (g kg ™) 4 35 PAHSs [2E )5 4 R 5L 5 Y5 PAHs [4E 15 45 250 6 Y& PAHs (415 4 25
Petroleum hydrocarbon BCFs of 4 rings PAHs BCFs of 5 rings PAHs BCFs of 6 rings PAHs
concentration/(g-kg™") 7d 14 d 21 d 28 d 7d 14 d 21d 28 d 7d 14 d 21d 28 d
0 047 0.66 042 046 055 0.55 155 058 0.55 058 0.79 024
05 832 10.11 1222 2303 3.96 975 6.83 5.67 50.19 3067 3954  58.68
1 26.17 2407 1944 4353 7571 6364 9119 19103 2143 9.17 1874 2672
25 1394 1441 2306 2337 573 4102 5759 10603 1029 9.73 401 16.39
5 582 6.07 9.59 9.63 2948 1608 2185 4512 1.66 3.16 382 926
10 344 397 543 6.61 197 936 735 2522 1.74 270 2776 499

20 242 2.19 333 404 1.06 201 4.07 7.60 152 1.30 2.06 2.86
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& PAHs 7M1 1A N 1Y & AR &L 3 Fow . EVART
&, S0 e A (] 2), AT Yt
S5 R P 5 PAHS(IE] 3 (a))FI4$- 3 PAHS(E] 3(b) ~
3(6) 4 B AL B 35 (P<0.05) 4% i, ELBE A R e
VAR T R 5 60 W TR KT T B s o 3k 150 T e 51 A il A
R N RN E A PAHs T R & A ke h
PAHs, %, PAHs 7EME I /RN Y & 5 L1 Y
PAHSs e & M A B WRIIOCHR A L2 —
WS AR E T AR PAHs & iE, Q13 3
Fiow A A kTG e e 16 F PAHs &5 il
2007 pg-g” , ATMEBEE RN} 05.1.0.2.5.50,10.0 F
200 g-kg™' (3R PAHs (1 RS BEAK KN 0.09
0.18.046.091 1.82 F13.65 pg-g ' FrilETEEH
JEQ0 g-kg ) B F X — AR N BE, §
w720 g-kg™ AilkETs Y b B PAHS 7 i 15|
7.14 21 128 d & &5 58 3.55.4.59.5.57 F
705 pgeg™ 28 d EHAERET d FAEREMN 199 1%, %
S (P<0.01), [RIFE A A H Bt 05 % 3 3% 4
.5 BT 6 R PAHs MR PN E 1 (B 3(c) ~3().
SEIIR WY, AR [F] Y A o e 2R 57 VR BT i 5] X
PAHs (1) 2 3£ 3 351 4 5 4R B E (P<0.05) KT 5
W6 a4 JF B b AR BT oK,
AN E ORI 2, DA g S i ] X 4% 2R
PAHs (15 S 32 5] PAHs % 55 W J3 1 5% 52 16 1] A1y
SN, WM XS PAHSs F R AR V- s (] 5 4 T I R
(AR P A AE — 3 IR, M TC A T AR ZR BR B, e 151 7 7
d PN RIA] IR B 5 AP T Y e v B A T R R R I
ST AT S Y - S RE Y PAHS 1 & T il i
I T 14 ~28 d WARARIN BN E BV, BEE A
TV ZR R IR ] (R 488 K (dn 28 d B, iir 15| X PAHS 4
T B R i EL P B4 T R ARG, X T BB T
PAHs # A T35 5 4 58 hid v ot an A LT &k A
AHEAE FH T 51 2 09 22 fh 2 B2 5 300, A D 98 = B
PAHs TE /N [A] A9 2 AL S a] | e 5] % (I PR %0 PAHS 1191
R A BCF 4B K T = 240 PAHS(F5 3), 2 B = 2R 4K
PAHs W49 S /N AR RS PAHS™ ) 15 L83k
IR 2 8 W B X A 0 1 B SR A AR s Y AR o
+ 3% 2 35 PAHs 3 ¥ PAHs Ll X 4 3 PAHs 1Y
WIhH R O A = T S MR 6 FF PAHS(F 3), X 1]
REAE TS N Bk B R 2 — . A, PAHS [-F
KA R KUK, VWA RE R PAHSs A= 804 350 ) it
% 2Z— ,PAHs MR BUR A, HoaE BEK 70 it & o
AR RFRER (2 ~ 4 FR)PAHs 19 BE-7K 43 e 22 %%

(2% logK,, =3 4)/N T H A5 ~ 6 FF)PAHs(AN A
If[a]i,logK,, =6.3), I MK Q2 ~ 4 3)PAHs T
Bk A\ - 3Ezs Bk rh ) DITES 2 4 e 451 A Sl 1
(477 SR, T = - 7K 43T 22 0038 1 1Y) /35 B PAHs(S
~ 6 F)ZE 5 - R AR 2H 53T B 45 A DA
A4S e 45 SRR A MR A A Rk iR R T IS
Vs F oK AH 8 55 W SRR A AR IR %12 ~ 4 PF)PAHS
(UNZE)A T AT g aok 3 Bz 5838 i WAL 1 77 ik A e
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Fig. 3 Accumulation of total PAHs and cyclic PAHs in earthworms under petroleum hydrocarbon stress
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Fig. 4 The correlation analysis between petroleum hydrocarbon concentration and the enrichment and

BCFs of total PAHs and various cyclic PAHs in earthworms



480 s #F

i

Fook 11 E

PAHs, X502 ~4)PAHs 25 5 e 5 & 46 1 HL
7% 28 d )&, Ml X PAHs (1 & 82 R Bl H PR R 1
I T FEARE o (3 )38 Xof iz 451 %55 B PAHs F14%- 3 PAHs
i) BCF 5% & B, 7E o] — Wk 2 A M AR 25 58 1 filiE
YUFE i a] A 380, BCF {E 386 K % /] — %2 5% i [1] i
T , BCF M {BE & A T4 G 3 v B2 A 85 o 22 R S 34
KOG U /N 8 e, SR, Mz 5] X L PAHs R4 36
PAHSs 1) BCF 5 H. 5 5 i 2 (A 3 A7 501 B Sk i 2
PR AR, A O E s R
FARH— LI,

BIEEE N R Y £ (1989—), B W+ BEMA R, £
BRI 0 A KRB A Fo ke SR

2 % 3L ik ( References) :

[1] Ossail C, Ahmed A, Hassan A, et al. Remediation of soil
and water contaminated with petroleum hydrocarbon: A
review [J]. Environmental Technology & Innovation,
2020, 17: 100526

Kong L L, Gao Y Y, Zhou Q X, et al. Biochar accelerates
PAHs biodegradation in petroleum-polluted soil by bios-
timulation strategy [J]. Journal of Hazardous Materials,
2018, 343: 276-284

By, JJS R A0S G b X M s 1 BOE RN K
[LEEFT A I RE [T, AR 2555 B4R, 2012, 7(3): 312-316
Huang P P, Zhou Q X. Effects of petroleum-contaminated
soil on lethality and avoidance behavior of the earthworm
Eisenia foetida [J]. Asian Journal of Ecotoxicology, 2012,
7(3): 312-316 (in Chinese)

[4] Avci A, Kagmaz M, Durak 1. Peroxidation in muscle and
liver tissues from fish in a contaminated river due to a pe-
troleum refinery industry [J]. Ecotoxicology and Environ-
mental Safety, 2005, 60(1): 101-105

g, P, XK, 45, 2 Fibi s 207 R i fil 2
CYP450 F1 p53 JEH R X2 M F 5 [1]. A5 AT H 2
%, 2019, 14(1): 83-89

Li X, Wei H F, Liu C F, et al. Effects of 2 kinds of alkyl-
PAHs on the expression of CYP450 and p53 genes of
Apostichopus japonicus [J]. Asian Journal of Ecotoxicolo-
gy, 2019, 14(1): 83-89 (in Chinese)

JiJ . AT BAE M. JEat: BeE AL, 2004: 9-
100

Czarny J, Staninska-Pieta J, Piotrowska-Cyplik A, et al.

N

[71]
Acinetobacter sp. as the key player in diesel oil degrading
community exposed to PAHs and heavy metals [J]. Jour-
nal of Hazardous Materials, 2020, 383: 121168

(8]

[10]

(1]

2]

[13]

[14]

(15]

[16]

[17]

(18]

PR, BRog T, Rk, 46, SR TV X+ L 3007
FETS YRR IE KR DR R D], BREE R4, 2019, 40 (10):
4594-4603

Ran Z X, Chen J Y, Wang Y T, et al. Characteristics and in-
fluencing factors of polycyclic aromatic hydrocarbons in
surface soils from typical industrial areas of Chengdu [J].
Environmental Science, 2019, 40(10): 4594-4603 (in Chinese)
Yang W X, Hadibarata T, Mahmoud A H, et al. Biotrans-
formation of pyrene in soil in the presence of earthworm
Eisenia fetida [J]. Environmental Technology & Innova-
tion, 2020, 18: 100701

Zhou Q X, Cheng Y, Zhang Q R, et al. Quantitative ana-
lyses of relationships between ecotoxicological effects and
combined pollution [J]. Science in China Series C, Life
Sciences, 2004, 47(4): 332-339

Shi Z M, Wang C Y, Zhao Y H. Effects of surfactants on
the fractionation, vermiaccumulation, and removal of flu-
oranthene by earthworms in soil [J]. Chemosphere, 2020,
250: 126332

Li Y B, Wang X, Sun Z J. Ecotoxicological effects of pe-
troleum-contaminated soil on the earthworm Eisenia fetida
[J]. Journal of Hazardous Materials, 2020, 393: 122384
Liu L N, Song Z L, Li Q, et al. Accumulation and parti-
tioning of toxic trace metal(loid)s in phytoliths of wheat
grown in a multi-element contaminated soil [J]. Environ-
mental Pollution, 2022, 294: 118645

Noh J, Kim H, Lee C, et al. Bioaccumulation of polycy-
clic aromatic hydrocarbons (PAHs) by the marine clam,
Mactra veneriformis, chronically exposed to oil-suspended
particulate matter aggregates [J]. Environmental Science
& Technology, 2018, 52(14): 7910-7920

Sgrensen L, Hansen B H, Farkas J, et al. Accumulation
and toxicity of monoaromatic petroleum hydrocarbons in
early life stages of cod and haddock [J]. Environmental
Pollution, 2019, 251: 212-220

Zhao H, Zhao X, Xue S, et al. Bioaccumulation and trans-
formation of petroleum hydrocarbon in Perinereis aibuhit-
ensis exposed to crude oil [J]. Fresenius Environmental
Bulletin, 2018, 27(12A): 9091-9102

Teng Y, Zhou Q X. Bioavailability and toxicity variation
of benzo(a)pyrene in three soil-wheat systems: Indicators
of soil quality [J]. Land Degradation & Development,
2021, 32(14): 3847-3855

Cheng L J, Zhou Q X, Yu B B. Responses and roles of
roots, microbes, and degrading genes in rhizosphere dur-
ing phytoremediation of petroleum hydrocarbons contami-

nated soil [J]. International Journal of Phytoremediation,



4 4

B < AT Y L M 85I X PAHs B AT 481

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

(28]

2019, 21(12): 1161-1169

Jiang X F, Chang Y Q, Zhang T, et al. Toxicological
effects of polystyrene microplastics on earthworm ( Eise-
nia fetida) [J]. Environmental Pollution, 2020, 259:
113896

Pandey S K, Kim K H, Brown R J C. A review of tech-
niques for the determination of polycyclic aromatic hydro-
carbons in air [J]. TrAC Trends in Analytical Chemistry,
2011, 30(11): 1716-1739

Maliszewska-Kordybach B. Polycyclic aromatic hydrocar-
bons in agricultural soils in Poland: Preliminary proposals
for criteria to evaluate the level of soil contamination [J].
Applied Geochemistry, 1996, 11(1-2): 121-127

HPER, LT, R4, F Al X RZ L
IFIES RIS ] h E AL, 2018, 38(6): 2253-
2263

Hua D W, Wang Q, Xu H, et al. Polycyclic aromatic hy-
drocarbons and black carbon in surface soil from traffic
areas in Wuhu, China [J]. China Environmental Science,
2018, 38(6): 2253-2263 (in Chinese)

Zavgorodnyaya Y A, Chikidova A L, Biryukov M V, et al.
Polycyclic aromatic hydrocarbons in atmospheric particu-
late depositions and urban soils of Moscow, Russia [J].
Journal of Soils and Sediments, 2019, 19(8): 3155-3165
Mizwar A, Priatmadi B J, Abdi C, et al. Assessment of
polycyclic aromatic hydrocarbons (PAHs) contamination
in surface soil of coal stockpile sites in South Kalimantan,
Indonesia [J]. Environmental Monitoring and Assessment,
2016, 188(3): 152

Ouyang Z Z, Gao L M, Yang C. Distribution, sources and
influence factors of polycyclic aromatic hydrocarbon at
different depths of the soil and sediments of two typical
coal mining subsidence areas in Huainan, China [J]. Eco-
toxicology and Environmental Safety, 2018, 163: 255-265
Wang D, Zhu S L, Wang L J, et al. Distribution, origins
and hazardous effects of polycyclic aromatic hydrocar-
bons in topsoil surrounding oil fields: A case study on the
loess plateau, China [J]. International Journal of Environ-
mental Research and Public Health, 2020, 17(4): 1390
Chen Y N, Zhang J Q, Zhang F, et al. Polycyclic aromatic
hydrocarbons in farmland soils around main reservoirs of
Jilin Province, China: Occurrence, sources and potential
human health risk [J]. Environmental Geochemistry and
Health, 2018, 40(2): 791-802

Jonker M T O, Van der Heijden S A, Kreitinger J P, et al.

Predicting PAH bioaccumulation and toxicity in earth-

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

worms exposed to manufactured gas plant soils with sol-
id-phase microextraction [J]. Environmental Science &
Technology, 2007, 41(21): 7472-7478

Eijsackers H, Van Gestel C A, De Jonge S, et al. Polycy-
clic aromatic hydrocarbon-polluted dredged peat sedi-
ments and earthworms: A mutual interference [J]. Ecotox-
icology, 2001, 10(1): 35-50

Ma L L, Zhang J, Han L S, et al. The effects of aging
time on the fraction distribution and bioavailability of
PAH [J]. Chemosphere, 2012, 86(10): 1072-1078

Zhang J D, Li Y N, Liu C Y, et al. Concentration levels,
biological enrichment capacities and potential health risk
assessment of trace elements in Eichhornia crassipes from
Honghu Lake, China [J]. Scientific Reports, 2019, 9: 2431
Su D, Li P J, Wang X, et al. Biodegradation of benzo[a]
pyrene in soil by immobilized fungus [J]. Environmental
Engineering Science, 2008, 25(8): 1181-1188

TR, #2418, TR, & AR IR RS e +
erh PAHSs 22 1k AL HE R 151 & SR R AR [T]. BREERL A,
2015, 36(12): 4582-4590

Zhang Y N, Yang X L,Bian Y R, et al. Aging law of
PAHs in contaminated soil and their enrichment in earth-
worms characterized by chemical extraction techniques
[J]. Environmental Science, 2015, 36(12): 4582-4590 (in
Chinese)

Cuypers C, Pancras T, Grotenhuis T, et al. The estimation
of PAH bioavailability in contaminated sediments using
hydroxypropyl-B-cyclodextrin and Triton X-100 extrac-
tion techniques [J]. Chemosphere, 2002, 46(8): 1235-1245
Zhou Q X, Hu X G. Systemic stress and recovery patterns
of rice roots in response to graphene oxide nanosheets [J].
Environmental Science & Technology, 2017, 51(4): 2022-
2030

Smidova K, Hofman J. Uptake kinetics of five hydropho-
bic organic pollutants in the earthworm Eisenia fetida in
six different soils [J]. Journal of Hazardous Materials,
2014, 267: 175-182

FRURH, EHER, BT R, & JEMER - LG5
Xof e 51470 4R BT PR RPN 5 R AR S I [0, PR A
7284k, 2011, 31(5): 1077-1085

Wu E M, Wang J L, Zhao S L, et al. Effect of single and
combined pollution of Phe, Pyr on SOD, CAT activities
and MDA content of Eisenia foetida in soils [J]. Acta Sci-
entiae Circumstantiae, 2011, 31(5): 1077-1085 (in Chi-
nese) 2



