452444 Chinese Journal of Ecology 2016,35(7) :1963-1969

DOI; 10.13292/j.1000-4890.201607.012

Tenax-TA 12 BX #0 [& +8 {77 = BX T il 1 158
PAHs X7 Hir 55| B9 4 91 & 2014

=

(" EAF kA ESFRH, i 110016; 2P BAFR A S, LT 100049; > L AHAFER, LiF 201418)

W E NTHATNEEF L3R 02 (PAHs) 9 4 4 & R, K JH Tenax-TA 32 B fr [H 46
WA (SPME) 3R BUE 1L )~ £ 3% B 8y PAHs, 737 PAHs % 7 F & [l 45 8| ( Eisenia feti-
da) 9 % 4 % B, AT PAHs Tenax-TA i f# % 41 448 B E fn SPME Ml & 5 47 # & i
GENERRMAARFR, EREAW . B AENERS PAHs RE 5 L3+ PAHs K Z |
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Prediction of the bioavailability of PAHs in earthworms by Tenax-TA and solid phase mi-
croextraction. LI Na'*, GUO Mei-xia"?, GONG Zong-qiang'* , ZHAO Ran-ran'" ('Institute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; *University of Chinese
Academy of Sciences, Beijing 100049, China; *Shanghai Institute of Technology, Shanghai
201418, China).

Abstract: In order to accurately predict the bioavailability of PAHs in coking plant soil, Tenax-
TA extraction of PAH fast desorption fraction and solid phase microextraction (SPME) were ap-
plied in this study to predict the PAHs concentration in earthworms ( Eisenia fetida) , and the da-
ta were compared with measured PAHs concentration in earthworms to analyze their difference
and correlation. The results showed that the PAHs concentrations measured in earthworms were
linearly related with those in bulk soil and those predicted by SPME and Tenax ( R*=0.88, 0.55
and 0.94, respectively ). There was no relationship between the PAHs concentration in earth-
worms and that in soil pore water predicted by SPME. While SPME somewhat overestimated
PAHs concentration in earthworms, Tenax predicted it with a ratio nearly to 1 : 1, which indi-
cates that Tenax-TA extraction of PAH fast desorption fraction in coking plant soil may serve as a
better predictor to assess PAHs bioavailability. Our results provided a theoretical basis for the en-
vironmental risk evaluation and remediation of PAHs polluted soil.

Key words: Tenax; solid phase microextraction; polycyclic aromatic hydrocarbons; coking plant
soil.

LTI (PAHs) & —2A 2 e 2 NP ER
IS R S T A LTS e W (B E BESE, 2008) , A
B BUE BRI, e E HIEAS RGN

E % H AR 410 H (41271336 F141201310) %8,
Wk H B 2015-11-23  $% HIY: 2016-04-06
# WIRVEH E-mail: zgong@ iae.ac.cn

A, PAHs BA TE A [F]AH Hh 43 A A [6] 19 4k
LR R 3 AN BB L S W A A XU, AL T
W A A 20 I B Ay B R 2 40 1) I 5 A
Z —(Riding et al.,2013;Salehi et al.,2015; T HiH
4 2015)



1964

i3k HT1W

PAHs WA SR P 7 125 £ 200 Ak sk
A (MRLBHE, 2011) |, ¥R 2200 53 38 1 K A 0 1A
P AR 0TS Bk B2 5 A R A e 4R O AR 2 Y
AR FEAE F A, S PP AN 4= v i Y Wy 1 2R W A 5K
P e Doz | A AR G AE M LA L Tenax-TA $2HL
FNE AR IR (SPME ) F ARt L3 P BT G
YA A v © & IR I R AT 28 B T
(Harwood et al.,2012) ., Mehler % (2011) | SPME
F Tenax WY T 3 PR [RPRLAZ TR H PCBs . DDE
H1 BDE XJ 5] (% 4R M)A 550 B304 1 38 m AR G
RH

Tenax-TA HEEUH B R A B LTS 4L iy b
SRR 0 73 S e BT A WA RCHE B9 R 3 (You e
al.,2011) 38 5 L HUX 7315 G Wk Al A U Ay
bk, BIEB A5 (2011) FlH Tenax-TA $£EORH 9
AR B R 2 3805 R, JF S i sl ik N
PAHs HJHEFEATAH OG0 HT, & B Tenax 6 h 42
AT LA S b Sz e -3 P PAHSs 19 B PREE XU
SPME & — gl R AL B, ] F] IR A IR0 75 Gt
IR 2R FNERLALL TS ey 2 325 A1 ) I T e A\ A= W IR )
43 e S i i 72 ( Difilippo et al., 2010) . 4 Fi Ay
SPME 73 Mt # #RFI AR W) o 4R AH 25 5 ok P ST BRI
LTG5 ) A 30 (Smith et al., 2009 ; Yang
et al.,2009) , Gomez-Eyles %5 (2012) i 4 Fh¥EHUr
VAN T A Y5 Y 38 PAHs Yo iz 5] 1 28 32 0 i A=
YA RE TNy SPME J2& 500 A= ) 35 FR A v ff 1Y
ik,

Tenax & U F SPME # 0] DL H >k ¥F # £ 1
PAHs I)LEY) A R0, (A 16 [ N, T Tenax #1 SPME
DA i 5] A6 55 AR W B B A R PP A AR R
PAHs A=W AR E 55 J A 0B ABESE L AR
F % M 15 ( Eisenia fetida ) 84 9y, FH ke d5] 4K Py
PAHs (/£ 1) & BUROR SR AE PAHs WA 2k, H
Tenax-TA $ZEUH SPME ¥4 PAHs Xz ) 45 4 4
ROV TH i -+ 8 AR TR 20 B 2 3R 05 R B
J& FUBRIK R E PR fifp e e 5 i ] 25 AR e 22 ) P A
Kk FRIT Tenax-TA $RIUHT SPME £ AR P4 PAHs
WA BRI AT AT M, O SRR A RO A
Hh 2 IR0 A WA RO B D AR AR

1 #R57EE

L1 kiS4
P R A A AL RZ 18 5d 2 mm

1 FRIBENELER
Table 1 The physicochemical properties of polluted soil

FHT (%) pH B R
R (g-kg)  (g-kg")
60.7 17.9 21.4 7.2 60 141

Je Je it LAR 2 K WUk A BT, IR PR B LR 1,

PR W) 3T RS, 0 R BE ARl K2
L2 {5
1.2.1 5 NEA, o4l A R AR I & IX
A A AR B, A Al R R TR Ak
TAHRAA ™, O, (35 4l Sigma-Aldrich 23 7]
Hz 7= s Millipore #417K , B PH>R 18.2 M - c¢m; Tenax-
TA(60~80 H) ,3&E CNW A w] A4 r=; — kR —H
FERESAE (PDMS) IR 2 LT 422 (HAE 110 pm, IR
JZEJE 28.5 pm, A FH 13.5 pL - m™") , 3 E Polymi-
cro Technologies H7E
1.2.2 {U3% %28 &AL (RE-3000, H AR 5
R URTIRAIL, b B R 52 e #8A7 FR A ] ; Sartori-
us LT R (BP-221S, fEEFE 2 F ) ; 25 < E IR
it (HZQ-C, HEIG /R ) 5 A 1 (KQ-250B, H [
VLT3 5 i ROR AR B35 (ZHER 1200 R 51) , K E
LHERRHTABR A A A7, A5 HE S C-18 H:(ZOR-
BAX Eclipse)
1.3  +IEH PAHs WD E

PAHs & B (05 2 BEXI P14 (2012) FR 1 g V5
P +HEF 50 mL @ T, A 20 mL I, 15 mL
ZEME, 10 mL 15% M EALENA R, S T E T
FER (120 r » min™,25 C)JE3% 16 h, BUHEE 1
h, 10 mL A MU T/INGepr b | & T8 XU A, A
SRR TJEH 2 mL Z g @ 25, FBORH 0335 4300 &
PAHs ¥ JZ
1.4 i 2 57 S0

M 1] 5 R SIS 2 HR SR Tang 55 (2002) Jf-H& A
O ERBARER 20 ¢ V5 4 I FE 5L BT 50 mL BEAR
H OIS S5 A PRl 1 gt B B AF i 151 (R HE 24 300
mg) B A 1, IR TE L I8 AL, DR
Fe IR R ARHER 8 PR OK PR F 60% A0 A7 1Y
KK 22 CHEFR 14 d, U b 18] 5 71 25 55 1
IRV, TR W IE AT BE B P ik 24 b, K
PR T KAy PR 5 AR s E it AR S e 05 A R
THE 6 h, FREJS R M 5 5 R 2 1 g (29 R 5 i Y
54%) FOKBRIR BT GBS A R R IRAR 1, 60
C 70 mL S BEAIECLE (AL 1 1) 21 24
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h IR A BOR, e 28 &k, AR TG H 2 mL 20
SEAS , RO (L PAHSs WREE

H: W) -+ 35 FH B A F ( biota-soil accumulation fac-
tors, BSAFs) , 1] sz B A= 9 %t 4 18 v i e 1) 35 FRURE
JiE g% 49 PAHs 19 BSAFs RN .

BSAFs=C__ /C_. (1)
K, C,, T AP PAHs ¥ (mg - kg™ ), C.,
e3P PAHs ¥ (mg - kg™')
1.5 SPME JEPEMY PAHs X i8] () A= My A 5Pk

Z IR (2013) WFSE ik . Pk 4 ¢ L4F
T A 4 H 4 em (1) PDMS 274 22 1 4
mL 10 mmol - L'/ NaN, W, N6 % &5 & T4
JR(120 r - min™",25 C) ¥ 10 d, B F 2R 2
22 IF AR TR AR AR B, 55 C 5 H
BEPREL 10 h, R ZEBOR, Tt 28 & , A AT e H
2 mL OGRS, AR @A E PAHs, MR35
oy B S M ELE K, E, SPME 15 0 e 5] 44 P
PAHs AU EERF R LT 7 fe .

C o = (Copyp/ Koy ) BCFs (2)
logKgpyp_w = 1.0logK, —0.91 (3)
logBCFs=1logK (4)

T C gy T8 ST A5 1 £F 4k 22 1 1) PAHs ¥ &
(g * L) 5 Koy TREFAE 227K 0 BE 2250, 3 5 72
(3) (Mayer et al.,2000) 15 ; BCFs $§ 4 ¥ & 4E N
5l TR (4) (Jager, 1998) T K, A6V BE-K o0
[EX/8

SPME #5333 PAHs 7£ PDMS £ 4k 22 5 + 1K
22 ] 41 A 43 T ok 00+ 38 FL BR K o () PAHSs ¥
BT RN

C,=Coyip/ Kspypw (5)
K, €, HHEFLBR K T PAH W (pg - L),
CSPMEE KSPME-W E/(JI";EED% Iﬁ]ﬁ%gz( 2) o
1.6 Tenax-TA PEHT PAHs X iz 45| o8 A= My w0tk

RHEREE S (2013) PR 1 ¢ AT 50
mlL, (3% 35 85 045 1, A 0.20 g Tenax-TA, 1 mlL
0.001 g - mL™" 1) NaN, ¥ 1 38 mL #BZl7K , Jinas 25
HEETHE20 ¢ - min™",25 CHR¥%,2 h 4 h.7
h12h24h2d.4d.7d.12d.30 d BUREOE
3000 r - min~' B0 20 min S5 A4S 40 25 BL B HY
Tenax-TA , 27 F/KIEPE 2 WJE H 20 mL 1EC kel
PR (AL 1 s 1) B H2 8 3 WK, 41K 30 min,
W3 ERBURIR &, IEF 28 R W4 & 2 mL, AR

WRT,2 mL &N E %, HWAH (3% {00 % PAHs
WEE

JHF AL IF 12 Tenax-TA % PAHs 3
IR A I 0

S./S,=F e +F," (6)
o, S S, KL i A5RN ¢ B[R] 5 -4 R PAHSs FOR
JE(mg - kg™') , Fy (F, 00 5 o POl 18 i 0 3 4K
by ke 53 R bR N AR R R R R ()
1.7 ARG B S

PAHs ¥ B2 I 2 2R FH 2¢Ot B 58 M ) 25 326 1 7 46
TSR AR 30 °C 5 LA FIK R i 5
AH, W) 45 35 min, &N BC B 60% 2 4 3 i #)
100% , LI HC HEig 4T 10 min, £ F —~ 10 min Z N
CHEHBE LT 100% 2t/ N3] 60% IF LA B L iz 47
5 min; i i# 0.5 mL - min~'; BEEE RN 10 ul; £ Fh
PAHs #7645 B 19 & S/ 808 K N A0 .
1.8 %diaabr

A B E S 2k H Excel 2007 #1 SigmaPlot
10.0 b2

2 ERESH

2.1 e PAHs #R R ik 45 14 Py B FLUY PAHS
W

MR - SJERE A B PAHS ¥ B ML 5] 1A 25 AR A
PAHs ¥ B DL 2 BSAFs W3¢ 2, I Z 3554 (n
2R e S AL B A B 2 AR SCR
30T .

154 -4 PAHs B8 25.57 mg - kg™, DL 4
WRE, 5 EER 60% /A4, K 5¢ B 1) & =
B, 2 M 5.69 Fl5.64 mg - kg™, 5 AR AY
44.3% . 5ILZAL, w451 N E R PAHSs DL 4 36
RF, R 70% A A7, AR 2 AL AN A Y
PAHs 7EMIs 1A P & FL a5 1 PAHs 1) [ (B 22
SEARK,3 BRI B /N, BSAFs {0 0.15~0.16;
4 .5 35 BSAFs 7 0.44~0.62, B & m T 3 3,6 3
I (g,h, i) MBI (1,2,3-cd) EEHY BSAFs 435
HO.21F1 0.39,4vF 3 1 4 .5 2], AR
VB PAHs 7625 YR P9 1 & BRURE BE AN [ (] el
LA DL 38 50 PAHS S3PAl H AR 25 XU S AN 4 28
i ( Jonker et al.,2007 ; Lanno et al.,2004) , —#3E
Ui, BEE B3 22 PAHs 1Y AR WA R0 FRAR (B
{d#%5,2010) , X SAHF 5 25 AR, o] 682 i T e
Wl 7E 35 Y + 3 i sh A2 E T 3 3 PAHs HRE A
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( Eijsackers et al.,2001) , Jdi/] T %] i 4] (1) 22 5% XURS:
ORI RIS PAHs AHXHIREY K, A G 7 v 15
3 P& PAHs M 451 HE AR S1 S BUORAE TR N 19358
o380, JF H PAHs MUAEYIA R R th 2 50 R = 3
[F)VE FH 45 5 | 3 S R 3R A0 45 S PR A T
PAHs 1 i 5 7 ¥ K /N ( Opperhuiz et al., 1990;
Cuypers et al.,2002) AEYFIZE APl 5 5 ki
A (BRI, 2011)

SR 4 b PAHS YR A 351K Y PAHS
BRI LM G A (18 1), & i 5] 25 FLAY PAHS ¥k
JES AL A 3E P () PAHSs ¥R 3 IE M 56 (R? =
0.88) ., Yang % (2013) HYSLIR 45 KL W] X T 4~6
I PAHSs, M 5] 25 BRIk B 5 4 VR B AN AAAE 10 3
M (R?<0.2) ;% F 2~3 BRAY PAHS, i 48] 25 Bk
5 IR B BRI G (R =0.83) , SA A,

F2 X T iEFNtrd AR PAHs ik B K BSAFs

Table 2 Concentrations of PAHs in the soil and earthworm
and the BSAFs

PAHs B7%73 PAHs ¥ (mg - kg™')  BSAFs
e it 45

3 (phen) 3 2.90+0.31  0.45:0.09  0.16
i (ant) 3 0.52£0.04  0.07£0.02  0.15
PER(Mt) 4 5.69£0.66  2.65£0.45  0.49
B (pyr) 4 5.64£0.52  3.04£045  0.57
#3F (a) B (baa) 4 214038  0.88+0.18  0.44
i (chry) 4 1.75£0.30  1.01:0.06 0.6
FKIE(b) 9 (bbf) 5 1.93£0.22  0.11x0.17  0.60
HIF(k) P (bkf) 5 0.87+0.11  0.51x0.09  0.62
HIF(a) tE (bap) 5 0.93+0.11  0.45:0.07 0.5
T (a,h) B (daha) 5 0.20£0.04  0.08:0.03  0.44
H3f(g,h, i) TE (bghip) 6 1.60£0.09  0.32+0.09  0.21
Bt (1,2,3-cd) E icdp 6 1.39£0.10  0.51+0.12  0.39
B 25.57+1.26  11.07+0.87

4-
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Fig.1 The correlations between PAHs concentrations in
earthworms and in soil

RIA), AT B8 TR A B R 75 Yok
FOGA WA (R K55 AN FTEL,
2.2 SPME TEHy PAHs X i8] () A W &k

Pl (5) HHE R PAHs HIEFLBRUK IR E S
MEAIA ) R PAHs Wk SE AT A G o A (I
2), R HE ANFAEA M (R =0.046) , W] REJE: A
Shr e |6k T R B AL B K P PAHS, 303 A B H £
B i & A PAHs BYA HLA) I AL B —E 4> PAHS
(Hawthorne et al.,2002) , T H. i 5 X} 75 4% 4 i) 1
W AL AR g AR S i LR Y PAHSs 193 LR
( Matscheko et al.,2002) , 32 B DL LB K Mk B2 +
E PAHs WA E LSS W A F R

WA TR (2) —(4) FUI iz 351 4R P PAHs 93
&, I SPME Ui 5 iz B] 4 4 S0 PAHSs ¥ B
PEATHORE 0T (T 2) , R B B AFAE IEA E L 2, M
KN FEK y=5.74x+3.88 (R* =0.55,P<0.05) , %W
SPME A 7E — & F& B | 00 0 e 955] 44 P4 /) PAHs ¥
JE, BN 574, SPME BUNAE & AG T S20{E, van
der Wal %% (2004 ) F§ SPME #iill T~ PAHs X iz 15| ()
A= WA, R BN R [R) J REASE AL T A5 1 T0 0 25

3.5

i

2 2
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Fig.2 Correlations between PAHs concentrations in pore
water and in earthworms and between SPME predicted and
measured PAHs concentrations in earthworms
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SR AN A ] (L ke 151 A Py 0 33000 4 SR 5 S0 45 SR AR
ZEREHERAE 10 LAPN SEW] SPME BT LAAE Sy 7500 e 45
PRI HLTS Y 0% 1 BAIORS 6 19 /7% . {2 Bergknut
45(2007) H SPME . SPMD 45 7345 %5 + 4% PAHs 7
e WA P 1 B R R B T i 451 44 N PAHs R
5 SEIHR BE BIANAEAE BE BIAH C G R, T RE S R R
K FHAL2F 7100 PAHSs B9 A= W04 ROk 5 B %
HABR R | AndERI R PAHS 35 112 BOicsds AR
WA,
2.3 Tenax-TA $2HBUGEIEH PAHs % i ] 494 ¥
Rk

KB FE(6) Bl Tenax FRIE 12 I T, UL
S,/ So R YNAERR , LA RS ] A A A b 22 il W B h £, 15
12 Fh PAHs BOPREE AL Sy FORT RME, (% 3) .

M Tenax-TA ‘PR i T £ B i 5 ke B 44 Py 512
I PAHs ¥ (18 3) , KB 038 IEAH O AT
FEH y=0.99x-0.02( R*=0.94,P<0.05) , BRI
T 1, LRSS Tenax-TA T DL HEA Mo - £ 1
PAHs W44 %P . Landrum 25 (2007 ) 43 5 FH g
JBFIAG LA 5] F1 Tenax 24 h 45 B B8 10— 1k
Joi , KPR WA P PAHs B X B0 5 Tenax i HU
A% K0k BE IE A 56 (R = 0.633), Hulscher %5
(2003 ) B b 451K P (49 PAHs Y FE 5 1 58P i PAHs
W43 B 22 B TR ML I — Ak, -t & 300 ke s
N EES Tenax 6 h $EHUE B 3 1EAH ¢, B Tenax
SEVEN A ALTE S A A R I — PR AR 0 O vk
{H Heijden 2§ (2009) H] isSPME ., labSPME . POM-
SPE Tenax 6 h Pl $#2 B S5 7 iP5 G4 1% PAHSs
£ 3 Tenax-TA REMBRSE F, % R’

Table 3 The fraction of rapid desorption (F,) and R* va-
lue of PAHs in the soil

PAHs 7844 F R?
3k (Phe) 3 0.36520.02 0.996
B (Ant) 3 0.405+0.01 0.989
P (Flt) 4 0.475+0.03 0.999
EE(Pyt) 4 0.5350.04 0.993
Ji ( Chry) 4 0.47520.02 0.994
I (Baa) 4 0.465+0.04 0.995
#J1(b) 2B ( Bbf) 5 0.380+0.02 0.994
#IF (k) 2 Bl Bkf) 5 0.370+0.03 0.995
#Jf(a) £ (Bap) 5 0.335+0.02 0.997
T 2KFf(ah)  (Daha) 5 0.120+0.01 0.996
25T (ghi ) 3E ( Bghip) 6 0.160+0.01 0.997
BiJf(ed) it (Tedp) 6 0.180+0.02 0.997
o8y 0.420+0.03 0.998

W
W
1

w
(=4
T

$=0.99x-0.02
R*=0.94

Tenax P fE R WEE (mg - kg™)
o S
S 2 9

kg
[

1.5 2:0 2:5 3..0 3..5
WEUEI PR BE (mg - kg™)
3 Tenax-TA $2EXH] PAHs ik B 5ar 5K K PAHs iR E
HItE K%
Fig.3 The correlation between PAHs concentrations ex-
tracted by Tenax-TA and PAHs concentrations measured in
earthworms

Xy 22 W) () A= WA 8P, & B isSPME 2 d5c A3 211
fli%5 PAHs A= W) R0 A 535, 1 Tenax BT J2& B¢
TE AR ) BUYH BN IE T A A Bl v Al A
WER A J5, 77 A 3R A3 B 1) i PR AT e R 1 4
PR T B A A T AN R B

AR5 | Tenax Ho SPME 5 RE #E B Hb 750 )
PAHs 7E8 SR N AP A 8k, JRE TR : (1)
Tenax $EEUEAE . SPME J7 B2 545 V& ) Wi ¥ 4
+- 4 PAHs Xl m5| 1 A4 9048 RPE , Tenax i T8 7F
TR Z L BEE A KA PAHs B4 5w ALY
EFH)E 7 ( Cachada et al.,2014) 1 SPME 2] 4t 24
AT REDE TS e+ Y PAHs B A2 5L T (RSB R T 45
M) FT B 2 (Jonker et al.,2002,2003) , fifi £F 4 22
W BFFAG P AHs 388 22 1 i B0 iz 051 44 P PAHs ¥ B 19
il s (2) SPME il A= #5350 1 7 2 Ay A A 78
(AR , AN 5 R AT R ™ A R[] R T 45 51 5 (3)
e M| P o 8 25 S RO 5 e (R BB I AR S 5 Ak HE
TS 2R A A B S B 40 BT Al SR B 5 A A Rk
(1) SPME A58 ¥k 52 30 6] 15 Y 1y A6 0 A3 001 1 o 1 £k
P11 Tenax H& BRI 5] 5] 1k PAHs 2 [0 7] g i T
FEAELME A HAESC R (LFER) (Li et al.,2007) {145
15 BSAFs A1 Tenax L3 fife W 43 8508 BEAH 2, T
EE ) 5 FH R B T Tenax P 2B B 3 1EAH O
3 &

451 25 LAY PAHSs ¥ FE 5 Fir ik 13 ) PAHSs
RS 3 IEAHOG AL T 3 B H1 6 211K PAHS, i ]

L EM 4 5 31 PAHs,
B AN PAHs ¥ B2 5 PAHs + 38 FLIE /K 1 2

0 0.5 1.0
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