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RETEMERIX 20 LIE P PAHs BIEYI B IERIF M

BIEE 2, X1, £ F1, BREN, & F2
(1 3 S Ay TR R R B 5 e % (thREBE P ¢ LI ST, B s 210008: 2 HPEEREBEHFTUAERE, dEst 100049)
B OE. R 2,6-ZFEIEXFERE (poly (2,6-diphenyl-p-phenylene oxide) , Tenax-TA) $2HUFIUL 1] (Eisenia Fetida) & 5252
WFIT I IE-100 R 2 FEEFE2RIERE, Triton X-100). HH-80 CRA LB LELFEMER N, Tween-80) FIFEAKE-B IHWIK
(HPCD) L& Z A AR 1 L4 rh 2 3855 4% (PAHS) W HREXAL > UL R AEW A B % mn . 45 EoR, RIS M DL 2
B PAHSs PR VT S EUCPE N LE M1 4 P 10 B RO JBE 5 X A L, 30 T S MM 42.3% ~ 269%, MTis| 44 ) ) 88 L 1IN 10% ~ 340%

WFFLFR B AR AL P R TG PEFRIEAT 448 S 24k PAHS 2875 YL m] B TR RS 3 PR3 o s R A5 U o

K-
RESES: XI1313

T, X b Y (RGeS o BT RER B IR
B P #0217 o) IR FEEAT IV, BTl L agerhyg
Yo R BE BRI T RESR VA B I -3 Ak B M ik
JEU2, R, Alexander ZCHA N s BIREEVEANE T RE
Sl HIEE TR T I SE BTG Rk Bk, 2
FHIF AR 2 BOR T A A R Rk SR VAN T3 bk
BTG RACTEO AE A RO B S R I
TG Gt LR R A R AN S AT K
PERGASER 3T, Tenax-TA F&—Fib fig, LATFLER 2 . b
RIMBUR . WA S i, T8 I W PR A T 7K A
G PTG R, PR A AR AR A K75 Je ) DT
W SR A b DAAS IR R AR, H 2759
FER R KA 43 3 M1 Z AIA 2F45™); Leppanen
OV AFF 5 R IR DR AW 20 43 vl LAAE Sl A= 04T 2%
PERIE FERR 2 —, DL, Yang U121 Tenax-TA
SR i G AT e VPR ik

PAHs ZFF A AT MG ) AT K I 2, s
PR, DAREREK I R R, O
g rbol LR AR, DR VF 2 BHOF TR 2% L8R T R D
WPEFR F A S R K, Ny Y e FLER
KRB, femdEAa R, Wi mis & aex
U331 RGN, — 5l AR e 3R,
Ty 7 ] Re 438 By Yo AR o ) 8 AR I 38

ZINTTIE: TEMA RN Tenax $#2HL; AEMER;

R PF A

m, FECREE RS RO, s O Sk, RIS
IR T VS v R e AR TR 2,
T8 N2 T 3% P 70 33005 e A A A I E 8
JEORIASE RS 5 T AT TEAR R b IR, ASHIE S
of i ZAE 2 A RS IR TR, BRI
LA, FIEIAT BRI S S Mot PR B XU
sem, i HRI B S Y. BE H AR E
FE R EARMAL S PR AR A AN

1 #RIATE

1.1 BAR5RF
Tenax-TA(60~80 H ) [ b 5t BEMR AL A B 57 4T
Aw] AL, F I/ E CHE (v, 1:1) s, 75°C
WA IETEE. WNE. IOk /KBRERENII N
Iy Mral, W EEZ4ER]; 16 Bl PAHs A ArFE: L3S
%% (Nap)- J& (Ace)- JEM (Acy). %) (Flu). JE (Phe).
B (Ant). %¢H (Fla). £ (Pyr). AFf[a]# (BaA).
it (Chry). ZKIF[b]Z¢# (BbF). ZIF[k]7 . (BKF).
ZKIF[a]t (BaP). —ZK[a,h])f & (DahA). Ei[1,2,3-c,d]
I (InP) FZE[gh,i]H 16 (BghiP), I [ 3£ [H Supelco
ANF. HEE. I JENTREIR S ik al, W38
[ Tedia 2], HHHEREJ/KMIRMNS HEE EPA
Jii% 3550B il 3630C #EATALHE; /KA Millipore HE4[

OR4ETH: HFEARBAILETE (41030531, 40801117) HHRBLAIAGHH TREZ 7 MIE (KZCX2-YW-Q02) FIVLJ44 HARR =R 410 H

(BK2008497) #tH).
* JWIEF (jiangxin@issas.ac.cn)
YEH A

BIER (1979—), 5, ZBUSILA, WLmrscd, 25 moh L S % R R . E-mail: lvzhengyong@gmail.com
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Ko

Triton X-100. Tween-80. HPCD %3 [fiif P 51
Bk oy tivat, 6B E 28R, R 287K 5k E
100 mg/L. 500 mg/L 1 1 000 mg/L S [A] ¥4 FE (K 4%
o

ARl 8 T IEWIR (Lumbricidae) (K75 15%
il (Eisenia Fetida), ‘PR 0.25 ¢ 224, T
F UK TR
1.2 EEUHE

IR FIASEUL (ASE200 B, SE[E L2 ]D;

e 78 RAL (RE-3000 Y, F#EVIRAF]D; mRl
ARG (HPLC LC-20A H, HAREAT)D B
PAHs % H#E (250 mm x 416 mm, 5um, [ Supelco
ACIDH
1.3 TEMREXESHSH

b R ENVL R4 R AT RN R B 9 ANt
M PAHs V5 R IR T4, RN HIEE T 244
R, PREETENARRT, B, i 2 mm
i, JCFEACHRAL M RN 13 rf PAHs ¥R L3R 1 ISR 2.
BARG 7532 WSTR[ 16] o

F1 LREREREUMR
Table 1 Physico-chemical properties of soils
+HS TOC (g/kg) Wi (g/kg) R (g/kg) Fiki(g/kg) TN(g/kg) TP(g/kg) TK(g/kg) pH fi
1 22.68 209.6 612.5 177.8 1.41 0.57 15.31 5.45
2 24.40 77.5 723.2 199.2 1.38 1.00 13.41 5.36
3 25.85 160.8 657.0 182.3 1.37 0.85 14.64 5.35
4 16.51 89.2 679.2 231.6 0.92 0.68 15.23 5.21
5 20.33 97.3 694.1 208.5 1.16 0.85 14.06 5.23
6 10.98 65.8 679.2 255.0 0.72 0.47 15.86 5.13
7 23.51 87.2 703.8 208.9 1.36 0.88 13.71 5.25
8 25.39 171.7 641.6 186.7 1.39 0.74 15.22 52
9 22.29 155.1 640.8 204.1 1.16 0.54 15.99 5.17
£2 9MENKALIER PAHs RIRE
Table 2 Concentrations of PAHs in the selected agricultural soils
PAHSs FHE L PAHS 3% (ng/ke)
1 2 3 4 5 6 7 8 9
Nap 151.31 145.76 134.68 180.20 132.13 136.13 79.58 70.52 66.96
Ace 68.82 97.34 95.97 89.26 105.66 67.03 73.06 63.13 64.13
Flu 41.20 74.42 58.93 56.58 59.49 43.17 37.72 42.14 39.82
Phe 367.95 819.71 464.02 556.30 714.59 476.63 478.86 416.20 335.75
Ant 29.56 80.61 33.75 38.86 44.29 27.93 13.52 9.33 25.75
Fla 477.94 2 670.26 1362.61 1253.43 1598.44 691.41 1076.34 672.51 358.57
Pyr 252.98 1469.11 896.74 964.89 1224.67 464.64 765.08 434.90 176.18
BaA 141.87 898.78 475.02 441.89 709.27 260.53 396.82 222.64 86.53
Chry 193.98 1030.61 650.98 584.31 903.00 324.89 551.08 286.63 128.29
BbF 194.41 1120.92 763.44 701.28 932.57 249.76 568.92 296.60 140.90
BkF 83.21 511.55 328.72 313.75 424.14 168.42 244.72 129.46 55.46
BaP 141.80 1104.20 526.71 498.77 604.98 207.58 388.64 219.99 74.74
DahA 36.78 90.59 110.88 85.93 99.45 42.74 62.26 36.85 21.78
BghiP 228.99 1921.22 1506.26 921.50 1704.19 428.90 855.55 391.70 109.17
InP 98.75 702.88 464.42 431.27 546.88 183.01 308.97 160.09 51.88
Mt 2 509.54 12 737.94 7873.11 7118.20 9 803.71 3772.77 5901.10 3452.67 1735.90
1.4 FEEMEFRMBFISHELIE T 5000 ml AN (0. 1004 500 AT 1000 mg/L)

FREL PAHSs ¥R J¥ I i 18] 2# -3 KE 5 5000 g, 4371

f] Triton X-100. Tween-80. A1 HPCD KW, M B %
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INT s G398, Bl A fE e 1R .
1.5 HpdsEFAKIE

06 T m mCK T 37 5 3 1 I F 9% I U] (Eisenia
Fetida)/E 5050 S FYIML 2 J8, VEHiE 48 h )5,
SrBIFREL 300 g 5 4 AN T R T 241
HERESL CTED A 500 ml R, Wshn—E&E
BK, ATIR 2] 80% M) KFF/KE, FHREHLINA 15 4%
WU, 7 25°CHEALKEFE 14 K, A T 1REF L&k
=, A BTN, BREEGHE, A
6 2 Xt A M ] A A RSO, VE PR 48
h, ARG ER: B 4 MES.
1.6 Tenax-TA 12X 1 1%E & PAHs

Fi i Yang U5 BRI L g LIERESL, N
T250 ml W =ffEH, A 02 g Tenax-TA. 1 mg
HgCl, 1 100 ml K&K, 5% FRFREAMENT &5 T
PR LA RET 6 h I . RGLEH, HEAA
RER RO, SR EERE,
HEB PR 2 05, K 15 ml IFE Sk AEI(V/V
S 3R 3 WK, K 3 ARG A, %1 1.7 10
Tt e s, MRS E PAHS.
1.7 PAHs BJIREIS SR

FRIUA VR T 5 I M R S el 1 g HIEFES, 55 4
g FESE P Re N ASE I, $RIAA N $7
IGRCER/E (v i v A 10 ), Bl 125 °C, R
7710 MPa, Ti# 5 min, #FAEI S min, A 2 X,
WHNPVEAREUN 60%AE HUAAR o K AT LA K H T
(TR A PEIO T B 75 R 4G 222 2 ml, ¥ %] SPE
FE(1 g i ALOs+1 g i+ g Jo/KBRIN) Hhifk,
25 ml IECbe/ =S (vivioh 90 1) ksk, Wk
R, W42 1 ml, HEMEARRIET, JlE
KA 1.0 ml, T 045 pm A LIRS HIBAR ke
PAHs, Z)#7J71%:% W 3CHR[18].
1.8 HiEHITESREEH

FERE A T R BT T8 1 SPATRE R S
BRI 52 o AF -SRI B b 3 s n 15 Fh
PAHSs [FIEAIbREE, KM 1.7 Feh 20T PAHSs 77 4:0
SE [, g5 AR ERE S bR R 70% ~
119%, Wi s InAREI R 63% ~ 107% 2 [H],
AR ARE i 22 <<10%.  [FIIXF 15 B PAHSs SE50 215 5t
WEEHATINE , FFEEREERE M B2k L3R s
¥ PAHs IRIEBI LA TEERR, FMENEATIIE,
BT 9256 508 H Excel 2007 F11 SPSS 13.0 % AFiEAT48
wort.

2 HRIWE

2.1 Tenax 6 h IREUS L 1E P A PAHs 55 EFR

PAHs B9tEX 1%

4 Tenax 6 h $&IX TIEH(1) PAHs &5l AN
PAHSs MR FERHTHSCHE 00T, I Tenax 6 h $2IUHK
JE 5 e 0 B BRI B 2 IR A AR B I IEAR GG R (R? =
0.89 ~0.95, P<0.05), #W] Tenax 6 h HHUH & ] LLE
NG WA R (B 1D EEEEH T
Tenax 1] LAAS TR B -3 FLBSZK (%) PAHS, AT 550
5 RS TS IR PAHSs KA ) 24 P4 0%
FAWREGIE N FIRALBK T, e 2 AL F
P, A BTG G A AT R A AR ALK
HH) S e Ml S5 A R s o0,

2.2 IEFOHEE| T PAHs iRE

M 3 ATLAEH, SR TME X A R 2 13
PAHSs [ RKIE A 12 737.94 pg/kg, 1KLL 4 ~ 6 PR
3R PAHs A E, 7 90.4%. HR¥E Maliszewska!' "% ]
(K132 )71k L4 PAHSs #Z >1 000 pg/kg (11
el e SO B G gL 4, T X AR T R T
FEFYG Y o KR I 28 L IX 4 i B R AR R (US
EPA Region 9 Soil Screening Levels, SSLs) ' BaP [1] &
IR UE N 15 pg/kg, TALFHHBIFIEFRAE R 210
ng/kg, Wiz AR T OGHE THE, BT RS VRN

%3 RMEREEMFETLIEDP S PAHs IREFEYBRIERE
Table 3  Concentrations of total and bioavailabable (extracted by Tenax and

earthworm) PAHs prior to the addition of surfactants

PAHs 44 Tenax b 15
(pg/kg) (ug/kg) (pg/kg)
Nap 145.76 67.65 51.97
Ace 97.34 12.717 19.1
Flu 74.42 14.011 16.41
Phe 819.71 52.652 89.04
Ant 80.61 6.821 5.67
Fla 2670.26 24.009 58.65
Pyr 1469.11 20.932 80.13
BaA 898.78 13.708 22.55
Chy 1030.61 13.787 64.75
BbF 1120.92 19.674 116.19
BKF 511.55 7.819 39.74
BaP 1104.2 7.783 19.58
DahA 90.59 6.169 5.42
BghiP 1921.22 18.419 27.48
InP 702.88 4554 15.48
&t 12 737.94 290.705 632.15




%33

FOETAE: RIS MR 24 L3 PAHS (/BP0 R0k 520

439

120

a 2,3-*APAHs
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Tenax 6 h J2HUKIE (ng/ke)
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100
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20 r
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Tenax 6 h $EUKEE (ug/kg)
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100 150

Tenax 6 h JEHUKE (ng/ke)

1 Tenax 6h IZENEIE PAHs iRE SHEHI{AA PAHs iR E R X E

Fig. 1 Correlations between PAHs concentrations in earthworm and PAHs concentrations in soils extracted by Tenax for 6 h

ffE LG R . % 18 LI PAHs AR AL
PEWREE, ¥ Tenax $&BORBEAE N EYAHBIEREE, G
TR Maliszewska VA 772, 12 56 [H 55 LXK+
HETmeARE, MARH TIEBAE TR LI, XS
Michiel® e SCHRH I HTAREL,  AthiA R R Reys e
I R, AR T AR B N XU PR RS,
PR FH O ASE 2 PP - S B AR A T e R A 5 R
W, ATRESSTBORTS B I A8 KUK R %k 10~10 000
5o
2.3 FEIEMEFIXTHEHEEFREZH LIEDR PAHs 28

=AU

AERTEERIAER R, sk iy & #UT) PAHS
WL 2. KL 2 Tl LAE H,  BEAE R PERI

BN, WA N BN PAHS FIEAKIE N, (B
PAHs "PRCRICILHISGE, % T 2,3 ¥ PAHs, NI
WPEFE AR A N (BRI RTIR Y 2.2 ~ 4.4 17
1M 4,5,6 M 1¥1 5 PAHs, WS INERINE RS, rd]
PRNIE R R 1.1 ~ 1.2 5. 23R, il
WETEFDICES PAHSs 1A RCHE AR I 2R G KT
X} PAHSs AOAE RO . B S R AR50 PAHS
A B2 1) . Opperhuizen 2525 R B, 24
MR L/ i AN B/ NG R VER =N W 3D S TIRON 1 e FANA
YK . 10 Cuypers 2525 2 3K (%) PAHs ] 6
N1 PAHSs, 4r ¥ HARAWIE A, M 0.5 nm —H BT
0.9 nm, HEANADR PN BRI M, H7r b 54 N
B RHBR A N A
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400 1 Triton X-100 4b3T
350 0O Control
300 B Triton (100mg/L)
B Triton (500mg/L)
250

PAHs % (ug/kg)

400 1
350 A
300 A
250 A
200 A
150 1
100 1
50

A A

Nap Ace Flu Phe Ant Fla Pyr

OTriton (1000mg/L)

BaP  DahA BghiP  InP

Tween—80 Ab#

@ Control
BTween (100mg/L)
ElTween (500mg/L)

MTween (1000mg/L)

HPCD #4b#H

OControl

EHPCD (100mg/L)
EIHPCD (500mg/L)
OHPCD (1000mg/L)

DahA  BghiP  InP

PAHs Ff

2 FERMEMF (Triton X-100, Tween-80 #1 HPCD) 777 NHEHIEFR 1% PAHs AIIRE
Fig.2 Concentrations of PAHs in the earthworm in the presence of Triton X-100, Tween-80 or HPCD

2.4 REFEMFIF Tenax fEEE L LIEF PAHs 28

=AU

EA P IS [ B R R EYE ] (100 mg/L,
500 mg/L A1 1000 mg/L) J&, ##&E 1 J&)5, {4/ Tenax
PO AT AE A R ERAE, SR RIS 3.
B3 pnf LA, BEAG R PER 0, Tenax
T PAHs (B AKIG I, oo BAHEE, a0
TRMTETER A L B PAHs TR ECER T
42.3% ~ 269%, H: 1 Triton X-100 [1% SR 5% 11 &5, HPCD
(RN R Bt 22 . Volkering 22U 20 A Ak 2 TG 7
FFE R BK A HLYS 4 (HOCs) [HAEMA S EAL

HAEA 3 P OMIAPAIMATEYE: @RI
FS AN G, IR TAEK - A @X)
HOCs MIFUAAEM . MiARISTR 3 Rl is vk,
HPCD ) EZHLEL s L34 0 HOCs -9 s 7K 1k
AL LR AU SE Y R AR
Tween-80 A1 Triton-100 253 &5 73R 103G 4 57 35 2@ ok
Xf HOCs KUIIIFAAE R S 4G, FAE 21K
A, i Tween-80 1 Triton X-100 X} -3 (1) 1518 B
(f) PAHs, i&/2{KIRH PAHs, RS 28It Bt
B, 1 HPCD HRESE InfIC3t PAHs A w] S U,
XF i R PAHSs AR AN
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350 : ‘
Triton X-100 AbF o Control
300 1 @ Triton (100mg/L)
250 A Bl Triton (500mg/L)
200 1 D Triton (1000mg/L)

DahA BghiP  InP

350 1 Tween-80 AbHf

PAHs % (ng/kg)

350 4

300 A

250 A

200 4

Chy BbF BKF  BaP

B Control

BTween (100mg/L)
ETween (500mg/L)
OTween (1000mg/L)

DahA BghiP  InP

HPCD 4b3

O Control

EBHPCD (100mg/L)
EIHPCD (500mg/L)
MHPCD (1000mg/L)

PAHs Ffi2k

B3 FEFREFEMR (Triton X-100, Tween-80 1 HPCD) 77 T, Tenax 6h 32EN+1EH PAHs HIRE

Fig.3 Tenax 6h-extracted concentrations of PAHs in the presence of Triton X-100,Tween-80 or HPCD

TE A AT OL N, RN T 2R
FULLUJG IF - 48 11) Tenax WIHEHUEREAT V5 YR DA
BB 4. WK 4 hfLUGE T, AR mis vk
FILLSE, T3 5 PAHSs [f TSR IRV & A7 i 4
7 1 000 mg/L [¥] Triton X-100 [{/Ef~, 13+ PAHs
fR R AT HR ARl 107330 pg/kg, #21H Maliszewskal'”
KR 2079, #1000 pg/kg (75 G135 /1 4 ™
Y5 gL, BT IR S PE R SR L% PAHS
AT EEPE Hy 290.71 pgrkg, NEERETG Y15, MrislE

RS 5 RABUEW] TOX md, ARSI T 3R PR 2
A -3, sk P 1¥) PAHSs 3 R R 1.5 ~ 2.3
fif, AN I P A sl A B 87 %, )
AE 23 1 D5 0 2 48 22 Ao AS E A s ] Ak 8 5
PAHs H ECPRE BB BEPOR, AEREDA R 3¢
WAR R A R TS B, T TEOR 55 Gz it
OISR, SR AT B AME BRI T B E 2
0l T BRERE GRS AR, BEAT VRGN KU DA J 2t
g5
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F4 FKEFEMEFEMT LIED PAHs AHZEURE (ng/kg)
Table 4 Total extractable concentrations of PAHs in the presence of Triton

X-100,Tween-80 or HPCD (pg/kg)

EINRE RPN RIMGEVEHE (mg/L)

100 500 1000
Triton X-100 595.10 943.04 1073.30
Tween-80 717.10 904.10 875.20
HPCD 300.69 462.24 413.75
TCR TS P 290.71
3 Hig

(1) RIS PEFRIAE AT LAE I Tenax % 13
PAHs (a4 10, i HoaT DL 25 458 itz s -+ 3 b
PAHs & RHET] .

(2) 3 FhFIMHEPERIF, TritonX-100 FCiE /23N
Tenax X &ALy, I 2R Iniws| % 139 PAHSs [
BRAET), BURERLLAL R .

(3) AR MEEANEE 59 458, ArReS iR
JyG G H R B KU, T LR A R
S 3Rk
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estimation of PAH bioavailability in contaminated sediments

Effects of Surfactant on Bioavailability of Aged PAHSs in Soil

LV Zheng-yong'?, YANG Xing-lun', WANG Fang', GU Cheng-gang', JIANG Xin'?
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;

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

Abstract: Triton X-100, Tween-80 and HPCD were added to an aged agricultural soil to prepare spiked soil under different concentrations,
and Tenax-TA was used to extract polycyclic aromatic hydrocarbons from the spiked soil to assess the PAHs bioavailability to earthworm (Eisenia
Fetida). The results showed that surfactants could significantly enhance the concentration of the PAHs in Tenax-TA extraction and earthworm
accumulation. Compared with the control experiment, PAHs concentration by Tenax-TA extraction and earthworm accumulation in the presence of

surfactant increased by 42.3% — 269% and 10% — 340% respectively. Surfactant-enhanced remediation of contaminated soil might release the

solidified and stabilized PAHs into the environment and increase the environmental risk.
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