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Assessment of Bioaccessibility of PAHs in Microbial Degradation Process Using

Solid Phase Micro Extraction and Solid Phase Extraction

GUO Mei-xia' >, GONG Zong-qiang', LI Xiao-jun', LIU Dan"?, WANG Yue' *

(1. Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; In order to demonstrate the variation of bioaccessibility of PAHs in microbial degradation process, PAH contaminated coking
plant soil was remediated using microbial agent, and the bioaccessibility of PAHs was assessed using solid phase micro extraction
(SPME) and solid phase extraction (SPE), difference and correlation between PAH degradation and PAH bioaccessbility variation
were also analyzed. Results showed that the dominant PAHs in the coking plant soil and its pore water were low molecular weight
(LMW) PAHs, and 68.3% of total PAH was degraded by the microbial agent, which was mainly due to the LMW PAH degradation.
Decrease of PAH concentration in soil pore water was also contributed by LMW PAHs, however, individual PAH reductions in soil pore
water were lower than those PAH degradations. Fast desorption fraction was calculated from Tenax-TA extraction, and those fractions
for LMW PAHs decreased, while those for high molecular weight ( HMW ) PAHs did not change significantly. Strong correlation
between PAH degraded and PAH concentration in soil pore water or fast desorption fraction of Tenax-TA extraction was observed. The
results above demonstrated that PAH concentration in soil pore water and fast desorption fraction of Tenax-TA extraction can be used to
predict PAH degradation in soil, which provided some theoretical basis for the remediation of PAH contaminated soil from coking plant.

Key words :PAHs; microbial degradation; bioaccessibility; solid phase micro extraction; solid phase extraction
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Table 1 Physicochemical characteristics of the experimental soil

LB % H TN/ % TC/ %
s (a 0

Wt g+ it P
65.8 14.9 19.3 7.7 0.05 1.32

1.2 SRR AR

FEGAN] . S bE . N, IE O e % o Bt
afi; NG, ik, 2 [ Sigma-Aldrich 23 &) 4 77,
JBE 5 T KB R B0 2 IR 26 [ EPA P J7 i 35508 Al
3630C FFATALFE; Tenax-TA (60 ~80 H ), E CNW
oA R, R PR E O (RFRLEE 1:1) %

WARVE, 75°C M2 F ;. — IR 2R — W ik S e
(PDMS) IR 22 4 22 ( H A2 110 pm, IR )2 R FE
28.5 um &R 13.5 pL-m™") , EH Polymicro 2\ F]
A T VR S T kR T I KR
Millipore HAlK.

FEAN G e 25 AL (RE-3000, H AR 5T)
AL (KQ-250B, HEVL AR ) 5 25 S E IR 4R % e
(HZQ-C, " W& IR ) 5 i ROBAH (35 (2 4 1E
1200 #41) , K ELZHBRHHE A RA G L7, ikt
A C-18 1 (ZORBAX Eclipse) .

1.3 R

Wef At 11 700 1) 1 £ S BESCHR [ 15 T 04T, BRI 200
g TR T 500 mL FEARH F7 R 109% B L4 EE
fR S B FEE 2), 28 C IR R E , 3K
HIRFFTE 25% ~30% . BAAEER 3 AN ERE, B
SEYR AT 30 d, A BT AR AR B I i S e T S g
PAHs 19& 1 M PDMS & Tenax-TA 7] $2HUE.
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FREL1 g T FERE A 50 mL BEFSHLF A 20 mL
P, 15 mL & W 58,10 mL 15% B EALENE T
EEGE TR (120 romin ™', 25°C) #E¥% 16 h. B
WERE 1 h, R 2 mL A YU, R R AT (1 ¢
ik ALO, +1 g fEIE +1 g JTOKBRIREN) Hhideik, ]
25 mL IEC ke, B (RFR IR 9: 1) ke I sk
EHW AR 1 mL, HERMARIRT,2 mL &
A 25 FHORH 8 350 % PAHS.

1.5 +5E PAHs AEYA %R PDMS 25053 Hr

ZIOCHRL 16 ] 5 T8 (WA B0 ) FRE 4 g 1+
FEBETHEE T, MA 4 MR 4 em L2 4 mL
10 mmol-L ™" % NaN, ¥ K. % &5 & THIR
(120 remin~",25°C) #E7% 10 d, JHEE T B 47 4822
IR 48T e A 2 IR B P, & e 55C
FEEC10 h. WCEESEBOR , A28 k4 22 mL, H
1.4 Tk e 4.

1.6 13 PAHs WA RNER) Tenax-TA HEHUHT

Z:RESCHR[ 17 ] B i (RS Btk ) (PRI L g 75
Y HEE T 50 mL MBI LA P, A 0.20 g
Tenax-TA,1 mL 0. 001 g-mL~"f#) NaN, ¥ 138 mL
Btk N5 % B 5 B FREIR (120 remin ™' ,25°C)
P%,2h. 4h . 7h 12h.24h . 2d.4d,7d.12
d. 30 d BUH B4, 3 000 remin = B0 20 min J5
ANEFANZG LU Tenax-TA |, 25 B T /K% Uk 2 W5
20 mL IECBERTER (B Ry 12 1) 8 A 42 e 3
U, BER 30 min, B 3 REEHOGRIR A, FH 1.4 5107
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15 Y - P R ARG T A i X 5 FH 2 B 2R MR
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100% %5 MR iz 4T 10 min, 78 F—> 10 min 2
P B EL EE T 100% e/ 8] 60% IO L T
HiZ 47 5 ming ##E 0.5 mL-min~'; JEFEE K 10
pL; 250 PAHs S97E 45 B 00 & 50/ 30R AR
AT .

2 HBRESH

2.1 L3R LUK T PAHS YR
Jii5 g 13 PAHs PUMREE UL3E 2, -3 PAHSs
AN 178.2 mg-kg ', LA 3, 4 3 PAHs HE, A
HIY 90% A4, Hh 3E & & & o, b 105.5
mg-kg ' 5 BN 59.2%. AL PAHs (1%, &

KATHT.

[ AR AR BUH: R n] DL3E 5 PAH 7E PDMS £F 4
22 55+ e K 2 (0] 9P 0 B ok Wi PAHs 4 3L ER
KA R R

c, = c/k; (1)

o, e, A EEFLBRK T PAH W, pg-L™" e, A
PDMS £F- 4t %2 rft PAH W B, pg-L™', k, y PAH 7
PDMS 214t 22 55 7K A i~ F-Ai5 43 i 5245

SEESCER[ 16 ]y ko (B, TR (1) AT RAIHAR:
WAL BR K T PAHs MO MREE (2 2). FLBRAK
PAHs e 5 1+ HEh PAHSs ¥ B 25 HH LA 72 16 1
A BIFLBRAK H PAHs LAFE, B, 2 EE 3 4 B R
T A E SRR, 3.4 5 SR 1 (99.5% ) &
THIEEPR LG (91. 6% ). +IFEFLER/K H PAHs 1)
WBETT LLRAE PAHs RO AT 451, XHIAL R T
3. 4 35 PAHs MER T A PERTRES T 5. 6 35

F2 FEiSELTERILEKS PAHs BIRER Igk, B

Table 2 PAH concentrations in soil and in pore water along with Igk; values

PAHs HE cs/mg-kg’l cw/;.Lg-L’l lak;
3F (Phe) 3 105.5 £3.55 195.28 £2.63 3.83
HE (Ant) 3 5.38 +0.21 13.66 +0. 46 3.84
B (FI) 4 27.58 +0. 88 20. 64 0. 95 4.26
EE (Pyt) 4 13. 86 +0. 49 13.75 0. 50 4.32
BRI (Baa) 4 6.38 +1.36 2.79 +0. 16 4.77
#i(Chry) 4 4.57 +0. 69 2.64 £0.06 4.69
ZEIF(b) Y ( Bbf) 5 4.08 +0. 09 0.38 +0.01 5.23
I (k) ZEH(BKP) 5 1.91£0.03 0.18 +0. 01 5.23
#JF(a) € (Bap) 5 1.77 0. 05 0.4 £0.02 5.24
T2 3F (ah) B (Daha) 5 0.41 +0.01 0.08 0. 01 0.83
31 (ghi) 3 ( Bghip) 6 3.58 £0.09 0. 14 +0. 01 5.5
EiFf (ed) ¥ (Tedp) 6 3.18 £0.06 0.06 +0. 01 5.81
58 s 178.21 £6.76 250 +4. 80

2.2 fRAEYINT +HE PAHS FORESAR
TR 5 Y v PAHSs 1A SCR WLIE 1.
14 PAHs B FEAR R 68. 3% , JEFILIEL 1 B fi
RN 95. 4% F1 80.2% . T AEMIREMLL 3, 4
R E HRTRT (k) 2 BURE I (ghi) 65 =4 F
i PAHs F#MFRARAC, iX AT GBS PAHs ML FIGUE D)
MW S G, M MRER PAHs 5055 3F PAHs B4 5
eI IR A, T AR PR TP R AR AR ER PAHs 1 A=
YIFE RPN A L 128 R 0 28 PAHs 1k
FH. Khan S FEX & B 4 AR 58 TP A5 20 T A1
DEBES7o8
2.3 [EAHHZEBGEIF 13 PAHs A=A 3R
i Wyt Al ) ¥5 e - FEFLBR /K o PAHSs B4

FHRCR LI 2, AR (b3 e e, H3EFL Bk PAHS
B AR L RN 67. 1% , AF F1 B AR 16 3 4 5N
81. 1% F149. 0% , 1M — K If (ah) B ZAEIF (ghi) 6
5.6 ¥ PAHs b T fl, Ul - LK b
A PAHs St TheE. X T RRSE T FRUEMME R T
R AR YA LK TP % PAHSs 5, PAHs
RS R 4R, ol g
MRS T =5 PAHs (HU2 1 JC7A %
H TR

PR AR e, FLBK H PAHS[ Bfi I (ed) TEBR
Hh AR AR 3 IR T g rh B R i 3 FLIROK 4
N PAHs W72 A0 38 WA T HAE 1 558 rh A e Mk 2 ([
LFIEE 2) . s ORI UAE 8 rh i R A 2543 53
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Fig. 1 Degradation of individual and total PAHs in soil
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Fig. 2 Changes of individual and total PAHs in soil pore water after microbial degradation

141, 3% F143. 9% , MAEFLBRK H 53000 12. 4% Fi
2.8% , 4 3 4. 6 IRBYREAER SR 94. 6% |
30.6% . 11.8% , Tfi #£ FL B 7K 0 43 5 4 79. 0%
1.68% | 2.37%. Z%Z5R3KW], PAHs 78+ HE[E AH AN
LB Z (8] 4 B 5 B B IR — AN et ¢
RIME—DNE AL R,
2.4 [EAHAEHUE T 13 PAHS A=A 3022 ik

W5 R W, A BLT5 Y W7 1538 v i) fige W AR 4l L
5 EE G TIANTR, S R R 18 o A W 4 4y, T
AR FHASERY (2) A TS0 2

S/S, = Fe™ + F,e™
F,+F, =1

(2)

X, S, F1 S, A hh A ¢ R 5 13 h PAHS 1
WEE F, R F, DDt 18 R 241 55 5 S Y e
Bl key N ey SRy 52053 11 oA G 36

PAHs PR3 A W% 20 53 2 5 348 A= 0 A 30vE i 48
P, FLAR AR AL T DL S ik 1- 38 PAHs AE 04 80Pk
4L F Sigma Plot 10. 0 AT AR 75 4
W ft il I Rk 12 Fh PAHs BB MW 443 F,
hy B SR ILER 3 (R =0.978 ). Weff s £ 12
fh PAHs (9 F, 535125 0. 16 ~0.70 F10.16 ~0. 55.
FEfRTIS 4. 5. 6 I F, BEAE A B i FEAIC,
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Table 3  Fraction of fast desorption F, in the soil before and after microbial degradation

PAHs 2% VAR F ky R? VA IS T k, R?

3E (Phe) 3 0.46 1.71 0.978 0.39 1.04 0.993
E(Ant) 3 0.47 1.65 0. 985 0.41 0. 80 0.997
P (Flt) 4 0.49 1.02 0.995 0.48 1.07 0.997
T (Pyt) 4 0.70 0.99 0.995 0.55 1.04 0.998
Bi(Chr) 4 0.54 0.74 0. 996 0.44 0. 83 0.999
#I B (Baa) 4 0.53 0.01 0.998 0.49 0. 88 0.998
ZFF(b) B (Bbf) 5 0.40 0.54 0. 989 0.41 0.51 0. 995
Z#IF (k) 2 B ( Bkf) 5 0.37 0.61 0. 992 0.39 0.55 0.995
#I-(a) tE(Bap) 5 0.33 0.63 0.993 0.36 0.57 0.998
T #9f (ah) #( Daha) 5 0.20 0.54 0.988 0.13 0.62 0.996
It (ghi) 3 ( Bghip) 6 0.16 0.53 0.993 0.16 0.51 0.998
BiJf(ed) tE (Tedp) 6 0.19 0.52 0. 990 0.18 0.46 0.999
B 0.47 1.31 0.988 0.43 0.91 0.998
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Fig. 3 Correlations between PAH degradation and PAH concentrations in pore water, PAH degradation

and the rapid-desorbing fraction amounts of PAHs extracted by Tenax-TA in the coking plant soil
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