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Effect of Activated Carbon on Bioavailability of Polycyclic Aromatic Hydrocarbons in Soil
SONG Liying', SONG Yang?, LIU Cuiying'"

(1 School of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2 Institute
of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Soils in different depths were collected in a site, the effect of adding 5%(m/m)activated carbon on polycyclic aromatic
hydrocarbons (PAHs) residues in soils was studied by an incubation experiment, and the changes of bioavailability of PAHs in
soils was evaluated using the hydroxypropyl-p-cyclodextrin extraction method. The results show that the residues of phenanthrene,
pyrene and benzo[b]fluoranthene in the soils treated with activated carbon are significantly higher than in the control treatment,
but there is no significant difference in the residues of benzo[g,h,i]pyrene in soils between the two treatments within eight months.
During the first month, the bioavailability of phenanthrene, pyrene and benzo[b]fluoranthene in activated carbon treatment are
decreased by 35.06%, 37.73% and 39.60%, respectively compared with the control treatment, and the bioavailability of
benzo[ghi]pyrene is decreased by only 1.37%. With the extension of incubation time, the inhibition effect of activated carbon on
PAHs bioavailability in soil is decreased. Therefore, this study shows that amending 5% activated carbon can effectively reduce
the bioavailability and environmental risk of PAHs in contaminated soil, especially during the first month of treatment.

Key words: Soil; Activated carbon; PAHs; Residues; Bioavailability
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Table 1 Basic physical and chemical properties of tested soil

T pH HHLER RN HEF 2% 28 28 2% 28 2% Tk UKL (%, m/m) J5 b
U (g/kg)  FH BB sciit (g/ke) (g/kg) (grke) (gke) (gkg) (%) HE 72-0.05 0.05~ 0.002<0.002

(mg/kg) (cmol/kg) (g/cm®) mm mm mm
S1  7.88 3.88 75.00 7.68 0.27 0.35 20.64 33.22 059 0.11 253 2252 64.51 1297 #ibiEL
S2 866 1.50 34.76 7.68 0.14 0.38 20.52 33.65 0.82 0.05 2.62  26.40 55.60  18.00  AfbiEL
S3 848 1.44 62.20 7.37 0.12 0.40 22.13 3339 0.87 0.08 2.61  26.08 58.89  15.03 bt
S4 886 0.73 34.76 1.92 0.04 0.50 23.25 30.16 0.53 0.05 2.69  89.13 9.54 1.33 T+
S5 237 431 1701.22 1273 037 0.75 19.40 6337 049 284 251 4731 51.08 1.61  kybiE+
S6 7.17 427  2396.34 7.78 021 0.58 21.07 73.53 0.90 5.17 244 4798 48.83  3.19 AP+
S7 734 403 2176.83 5.45 0.18 0.60 18.82 57.27 0.98 4.64 243 4275 5453 272 RiibEEL
S8  4.67 212 562.50 3.54 0.13 0.54 30.92 3890 0.46 120 262  82.00 1540 260 R+
S9 727 3.16 177439 9.70 0.19 0.51 27.73 49.10 0.76 3.20 2.44  49.05 49.78 117  WEiE+
S10 8.19 1.12  104.27 8.28 0.07 024 19.86 25.68 0.67 029 252 5733 2847 1420 WL
Sl 7.92 1.57  122.56 2252 023 045 22.38 4648 1.72 026 247 1832 70.17  11.51  HibigEt
S12 876 153 43.90 8.59 0.17 0.38 20.96 33.81 090 0.15 2.63  20.66 64.86  14.48  FpibiE L
S13 820 1.85 104.27 8.69 0.37 0.40 23.71 35.88 0.80 0.29 247 2058 55.99 2343  biEL
S14 810 120  184.76 4.95 0.05 0.61 24.65 3437 097 057 262 4129 52.07  6.64  FpibiEL
S15 8.60 0.76 53.05 1.72 0.11 030 27.49 22.82 041 0.17 266  89.17 8.59 2.24 T+
S16 855 1.73 40.24 2586 022 048 33.54 41.78 2.00 0.14 251  12.66 49.58  37.76 MWL

PR IG5 H 8 Ak 2= R0 A IR
A, HIEARHI R WL 2,
1.2 KT

16 1 HIERERL, BEOYEURE 400 g, SRJG T F4)

HIE 20 g 3 100 Hif 55 20 ml 40 mg/L PAHs P
IR G, TEE X P 5), RN ERiE RS , #
H5FEFR A 380 g HHE AR AT, Hil 415 2] By 400 g
& PAHs 2 mg/kg W55 3 155tk 7d )5,
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Table 2 Physico-chemical properties of activated carbon

Mk pH HWICE (%, mm)  HFE FLER L2
HAL (cm’/g) (nm)

C H e} () 2)
BAM 6.83 3930 1.86 23.76 199.04 0.03 3.34

W2 AR5 Wiy, By 200 g, T REFRIALE,
— I ARG PERAE AR BB, 55—y RN 10 g 1%
PRI TR AINE R 5% (m/m)iEPE w3 Fir g F5 1s
PR HREE T 500 ml AE S DB R, KB TFK
P EHEE AR 25%, CE T 25 CHEOGKRM TR
F&, 61, 2. 4, 8 D H I BIBUREN 2 £33 h PAHS
1) 5% BA RN A A B
1.3 HmRE

HURERT /N 45BN 5 ~ 6 ¢ HRE, FIBE LT
JEHIE T 80 CRIVKFI TR TR 24 h L L, ZJFH
WG R EERE S, R TRE TR T, 7
—60 CHAMTF, #HEZ T4 24 h, K3 EZS 5 R
TS 8 AR AR AR A7 DU
1.4 PAHs ZEVSNE
1.4.1 PAHs ZREmEEL W 1.0 g THEShEME
T FIHREIE RN ASE ZPUH AT AL, FEHL
HEER 100 °C, ZEUE IR 10 MPa, ZEHUAFIH
IECkE : AE@E = 1, ¥V REEREEH, HAEBUR
BIAZYUEI A 5 ml IECKE - INERAQ = 1, 7/V)
THPEMIR , B RS 28 ZAGHEATHRAR , KB IREE R
50 'C, HSJEN 350 mbar; FEBUEWSEZE 2 ml DL
T, e HH 10 ml E ke —EHLEO 1, V)
AL SPE HE(RIKILA 0.5 ¢ To/AKFREREN . 0.5 g
TERE. 0.5 g h B HEEL | 1.0 g OB FREN)BEA T
1k, A S mlIECE: - —AFEO : 1, Vn)iEst
FUEMK, TEEER FRIFE SPE A5 Fe ikt iy
PR RIATH A ZE 1 ml UF, FAHIEC k(0
WA EAE 1 ml, BB EREEERR R
1.4.2 PAHs AR EHEHL Z: 8 Reid 270
KA ik, R AR A RS PAHS SRTIR
FI K HPCD #4742 HL. BAN: B 1.0 ¢ HHT
50 ml BEES 2504, A 20 ml 50 mmol/L #) HPCD
I B IR SR 25 °C L PREA 200 r/min 1Y
FE IR 2 FRIR PR HR L 20 hy BUHEHE 30 min, FF
B AN 2 000 r/min AYELOHLTESC 10 min;
] T, PG R3O A 20 ml KB oKk
TR, MEORM IS KB FRRMRE, fE

30 min J5, FRIEFT 2 000 r/min Z.0> 10 min; 8]
EW, AR S B DR R ), 2
A ASE FRFEH; B RS 1.4.1 /N7 sk i 4R
AR A5 BB S A T A | e 4 0 o o B 2R
ZIR %115 HPCD $#2HU% PAHs ARG & .
1.4.3 W@ 50 PAHs K FHZ$E1E 7890B-
5977B A (A B I A AL (GC-MS)ll & . (B35 4%
. PERELTIRIE 300 C, MERERRL 1 upl, HERE
I ml/min. FHEEF: 45 CHH: 2 min, LA 20 ‘C/min
JHEZE 265 C, L 5 C/min JHEZE 285 C, LI
10 °C/min FHiL % 320 'C, {#%F 4 min, FUik&A1F: &
FIHE SCAN, FIHITL I 35 ~ 450 u, B TIEEE 230 C,
PULRATIREE 150 'C, BF{biigiE 70 eV, fEHZiRE
280 ‘C, #FZER 3.9 min, 4% (DB-5MS):
30 mx0.25 mmx0.25 um, FEEHIHN 5% KIE-H IR
fiE A bt
1.5 HiEE

ASCEAERH Excel 2019, SPSS 19.0., Origin 2022
AR T2, SR Duncan YEE T E R
(P<0.05), RHZICLIERIE T TADC /34T

2 GRS

2.1 Ti#EEd PAHs RBENETHL

FIEPIEG ). @ IR RKIF[DIFE(S ).
I [, h,iTEE(6 P A5k B e B 1E Rf al A2 Ak n &l 1 BT
IR o FEFEFF IR A Ab 3 1 b PAHSs 75 R 2 mg/kg,
RV HJG A A3 1358 PAHS 5% F 5 A
XA R REE L B ARIRb]PCE . AT (gh i)
I MIFEAR T 77.90% . 81.32%. 44.29%. 82.04%, 5%
TG Ve AL 0 R Ay B FEAIR T 38.92% . 45.89 .
79.31% ., 85.33%. ML , BRXT A b B 4 3 283 [g,h,i1)
EEAR B RRRIRAN, HABA B EE | . HIF[b]E
B BRI [g il sk B RIS R i,
KRB 8 N HEhdint, XfRaAb B 3ErpaE | 1, oK
FE[b]7¢ BHR B LI E AT BIFRAK T 58.07%. 24.82%.
18.08%, 5% JGPERACEE L3 rPaE | BB PRI [b]%
B RI[ghi] e 5k B A E 2 BIRRAR T 39.30% .
28.71%. 36.43%. 61.30%. H&IKI, 4407+
o PAHs S ETERTTR 4 DA R AFA B AR L, 11
' PAHs 5% B B iR o

T[] —BUORERTE]) R, 5% 3% 4 ¢ b B 5 %o Fd Ak
3 PAHs HSRE i B W2 R, RN 5% T
PESRALIRIE | 545 RFF PAHS 5% 58 1 I 35 5 T HR 4k
FH(P<0.05), T 5 ¥ PAHs AF[b]2¢ B A 4% B8 & )
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Fig. 1 Residues of PAHs in soils during different time
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BA A PR AR B2 2 [R) TG B 2 25 5 o LA ULV i
5% W PESR A IR PAHS BAA [ EME, S hn
TRIF PAHs 76+ A EHF . X T BE 2 i TR
PAHs LA 8 Mz R AHE LM, B0 i
K IEPE BT A RO BFHIRIE PAHS, 8/ A K AR
ARUT, TR PAHs HA BARMZESERK S, &
B R GRS, AR A NG A Ak b LAk B o
G, X AT RE A PR R T T 0 A8 N 8 T - etk T
P, BT =3 PAHSs AOGUE P %) Meynet 252
WF9E K B0, 95 P 2 VA o 22 = 18 v R B st A W e
PAHs [ 1 . Beesley 2525 0, + 385 4= Wy ¢
RAHF 60 d SRet eI Jrhliad 50% =3
PAHs f95% R . Li SR 4 L s, misy 3%
IR 1% B9 FORFREFFAE DR ATl 2. 3 35 PAHs
Rfie, {23 4 ~ 6 35 PAHs [&f#, SABFITSE RAEA
—3
2.2 1 PAHs MBI EE

+- 4 PAHS A4 Rt Rl s 1] sh A AR fe an 1] 2

fiime 8538 1 ASAJR, FEXTIBA 5% TSR R
BFE . 2. RIFb]X B YA SRR B EER
(P<0.05), A [ghi]te A WA R Te w221k it
BF, XFRRALEREE . B AIF[b]9¢ A YA S AE
N 54.06% ., 54.13%., 70.70%, BEET 5% &
P AL (FE 19.00% . B 16.40% . A8 I [b] 9K &
31.10%), RAEE 1| DHEAAEA 2RI [(g,h,i]
WAEYARELEZES, BERSEE 2 MAF, 5%
T 1 Ak P A S TR ORI [ b i R A AT AR PE R (0
HEALBRERAR T 21.29%. 45 360 7] 3 hn A 5%
TG PE S AT REAIC PAHSs AR R0, 76 1S H XS 3.
4. 5 ¥ PAHs AW A v BA B3 EARUR
(P<0.05), 2 T™HIEX} 6 ¥ PAHs A:443 5c: HAT A
SERRARRR . ARWFIEF PAHSs A= 54 5o Al 3 p Ak
PERTHAT Z oM R b, 255K W], PAHs 49
AR S A DR 2 0 A DCOC R (P<0.05),
A 38 IR & R AE S I PAHs /EWIAT %M . Brindli
VR, T IR ISP REE R 64%
M H1¥% 78 PAHs, Oleszezuk 22 HE 1, N 5% 3%
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Fig. 2 Bioavailability of PAHs in soils during different time
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