A IABEFAAR 2013, 22(5): 863-869
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@jeesci.com

E ] AEME T IEF PAHs BIMEIR4FIE
BV, ERAT, EM, MEE, FmE, xB'

1. ALatHiREE PRI, JEaT 1000375 2. EARIRVE KA S hklirAbe, Jbat 100048

TEE: o brsuml g b ys Yl AR kA2 3 PAHs 19 RS e P& & (TOC ). R (SA) S +H8et i
FAR S, XLt L) K2 PAHS 159 i - A TR 044 [P1 (0.5~1.0 mm ), P2 (0.25~0.5 mm ), P3 (0.15~0.25 mm ),
P4 (0.106~0.15 mm ), P5 (0.075~0.106 mm ), P6 (<0.075 mm ) |, & T 4 hids e BRI M R A + 338 USEPA 111 S f il
I 16 i PAHs MU, 5% PAHs TEANRIRAR T3 i) BRBURHE, IRt PAHs S o340 TIEER /- btk BT i th 2l & 45
SAYHT PAHS MIMRAEAHE . 45 R320]. &kifR T 16 fl PAHs 9B K, HEm RS HITE PR 1RE, BAK
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5% PAHs J5 YL 3 NBFFE RS, M ARRIRAS
+3Erh PAHs BYMRAFARAE S H A MU & &
LR TR I BT AR M, Xs g B R H
AR T EMAA HEESG TR, JEHEXT 1%
VP, BB R e W AU OV R FERE AR
AT 5 Y 37 M 5% T BRI R4 BRI B
1 #REFE*®
1.1 iR

v e AR TS Y g MR A F b B AR AR Sk Tl
Xpydbatgafh), #1959 4E, 2002 4E7E (dbat
BB TR ) R o S e ia Ak, F
2006 4F 7 457, AbRTEEAR) DA 2 E0R}
FEA RS, IR PR . T
W ZE | B ARG T i, )T kAR
135 hm®, EEEPEA MG S HES . T
BT WREME RS By R4,
P iR R H HA KGR 47 AR,
JTIX NIRRT Y
1.2 HRHMRE. HI85RE

SEYS i A AL R AR ALK 152 PAHS 15
Pef) 38, SREEMIRE S RBRIEA LY, KT et
18 H (1 mm) i PR LAETR 731 6 kife
KA [P1AE R 0.5~1.0 mm ) P2 #51( 0.25~0.5 mm ).,
P3 £/ 0.15~0.25 mm ). P4 #£51( 0.106~0.15 mm ).,
P5 #4i1 (0.075~0.106 mm ). P6 # i ( <0.075 mm ) ]
J SRR

HER EREARIAR A N 1 o, Al W RE7E
BT oA AN AY, AR I PR 1338 B 7 2
e, ZEE T,
1.3 H&RAHFHE
1.3.1 PAHs #94&m]|

PRI S g T35 — w ToK BRI EN 78 /T IR
AEFMCRIG , F 50 mL 1E CRERT 50 mL 4 P g

PHATRICHEE 18 h, JH 6 g IfbaEcH ik, FAE
JE5EH 10 mL IECBEkpE; P 25 mL IEC ke —
S BE (15mL/10 mL ) A HIRGE, WWEEZS ST
ZH HEMP RS, BaRhoiE, I
KA 2mL, MERIIHINE PAHs, ZIRIFIERE ]
o RO AH 83 — 5 G A T % (HPLC-FL ,  Agilent
1200 RFNIE , Ok R Cs ZIRIFIEL FME; i
AR ZIEIK, FE K 1.0 mL-min™, RSB .
0~10 min 60 : 40, 10~60 min M 60 : 40 %1 100 : 0,
FEJFIE1T 5 mine BRI 3 IRER .
1.3.2  R3EA KRR KM T

FIES K. pH IR ASTM Frifi 7 iEdEf 7
SE 5 BH S T A 4 R G PR 4 A8 ¥ el o 5 38
TOC =k H | % M 87 & 1k 5b i #4 uk I 2
( F-HZ-DZ-TR-0046 ), DOC 3 il TOC 43 #1iX
( Shimadzu TOC 5050 ) #EATIIE, HLREBUR
FGEIGE o FEAFEM A 3 IR,
1.4 HiEAIE

K F Microsoft Excel A1 T8 EAL BE , Origin
8.0 BKMFHEATIRIZR AT, HOCHE T, R R 2
A3HTEH SPSS 16.0 #4458 A%
2 ZER55H
2.1 AERFTEELER

N 2 FF 7 A RiAS 3L M R T LA
SA. TOC. DOC FEkiftH A iE sk, AR
BE 8%~14% , 815 T pH 1 CEC, 1J WK #2 % SA |
TOC. DOC fF7E B &M . Hh 3 SA K/NBEk:
TR/ N S NE B R A, P6 Rif2 T I SA
R, IKF 40 m> g, 1 P4, P5KIARHY SA f/h,
250 P6 1 72%. ST HERIAE . B A M
BRI PE S A ML & . CEC %% SA
AU SE RNy, HHERAREUN, SA
MR, AHFSE K BUHLBUR +3E SA (HATK, JRINAE

=1 il tERESS
Table 1 The particle size distribution of the tested soil
=] P1 P2 P3 P4 P5 P6
wlhif2)/ % 23.1+0.8 13.4+1.7 6.5+0.6 5.5+0.6 10.5+1.5 40.9+5.1
F2 HUTRLIENELER
Table 2 The physicochemical property of coking pollution soil

AT Pl P2 P3 P4 P5 P6 cv
pH 7.5+0.0d 7.5+0.0¢c 7.5+0.0d 7.7+0.0a 7.5+0.0d 7.6+0.0b 0.01
SA/(mz-g") 37.4+1.5b 36.4+1.2b 31.4+1.1¢ 29.3+2.2d 29.6+0.7d 40.4+1.5a 0.14
w(TOC)/(g~kg'l) 7.7+0.1d 7.4+0.1e 7.8+0.1c 7.6+0.1d 8.0+0.1b 9.2+0.1a 0.08
w(DOC)/(mgkg™) 1007.5+7.4d 975.6+7.5¢ 1027.9+7.4¢ 998.6+7.5d 1057.1£7.4b 1207.0+7.1a 0.08
b(CEC)/(mmol-kg™) 53.6+0.2d 52.94+0.2¢ 54.0£0.2¢ 53.4+0.2d 54.6+0.2b 57.8+0.2a 0.03

pH: RIS, SA: LR, TOC: BAMLEK, DOC: FIHfEMEANIEK, CEC: MHEFHa; CV: ZARREG a, b, c: 95%KFTHHRH

RITRNTEENR, AR TR T2 5
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TS Y b b 0 RS0 1 38 vh ] 58 5 A £ Tl i
Ko (EARRILE pm) U0 AR HA KR
FLEEFF HE e T AR s 5 PO N TR DR
e SA. MMM TR 14 TOC 5 DOC [H]4F
TES A G (R?=1, P<0.05), DOC /i TOC 1)
13%. SEAMFRARIM, ARV TOC,
DOC M R/NERIAZI/ING P6 Rifd e & 5 i
=, TE P1. P2 K& AR, X2 R/ VRifs 113
SRLE R E T A HL . TS B L A I d
R, RO SRR, 1 Aok ih &
s R RPRIAR B A TS Y SR A B TR B
TR TTECR A 1 R, X5 BRI An
FUAEARRL, AT BEAME R DT iR R AR 1 N A e
WNEH R, Hrp P6 HREAGA TR T 5T
kR I o 42.8%~45.3%,P1 IRZ 1 21.4%~23.5%,
P3. P4 HAlkH 4.4%~6.5%,
2.2 PAHs EARfIRTEFMHER

mE 2 P, ) HEFORFEFZS PAHS 1Y
SRR RN AR RS EE—E 25 5. Nap (2
). Acy (3 ¥/ ), Flu (3 ¥/ ), BaA (4 3 ), Chr
(423F), BbF (5% ), BKF (5%F ), BaP (5 ) iy
A RS ER AR, BRAESLLEARSR kAR T TG i

22 P R P2 B&23 P3 == P4 [IIIII1T P5 EFEEH P6

a
200

I~} Y
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Fig.1 Relative contribution of physicochemical property of individual

particle size fractions to total soil

FHEFHN, THYY R E R AR I N BT R
e, Ace (331), Ant (3 3), Flt (435 ), Pyr (4
) B A RLAR IR N NE R, BT
IEER S ETPTE P4, PS Rife AR, Ace WM&
S8 R BLTE P6 kit AR, Ant. Flt. Pyr 7F
P1 W2 R i s = o Ipy (5 36 ), Phe (3 ¥f ),
DBA (6 ¥ ). BgP (6 ¥ ) Mo Abtikifs 284k
PN\ KTV ¢ e

V722 P| NN P2 [8%8) P3 =] P4 [IIII1II) P5 EFEEE P
a ab

be

wi(mg * kg™

A PAHSs

bz Pl R P2 B3 P3 = P4 (I PS BEEEH P6

w/(mg * kg")

NaP: naphthalene, Acy: acenaphthylene, Ace:acenaphthene, Flu: fluorine, Phe: phenanthrene, Ant: anthracene, Flt: fluoranthene, Pyr: pyrene, BaA:

benzo(a)anthracene, Chr: chrysene, BaP: benzo(a)pyrene, BbF: benzo(b)fluoranthenem, BKF: benzo(k)fluoranthene, Ipy: indeno(1,2,3-cd)pyrene, DBA:

dibenzo(a, h)anthracene, BgP: benzo(g, h, i)perylene.

E 2 AREHEFEERTHRIED PAHs WRESESH

Fig.2 Concentrations of PAHs in different soil size fractions
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®3 FHhZELERR/AH/SIR PAHs HIRES B R 2T
Table 3 The concentration and distribution of low/middle/high rings PAHs in different soil size fraction
HiE LA wmeke) —
(g2 IR G TPAHs;

P1 496.4+50.4a (76.4%) 79.949.2a (12.3%) 73.8+7.8a (11.4%) 650.0+67.4a

P2 394.4+39.6b (73.1%) 73.7+7.6a (13.7%) 71.12+7.7ab (13.2%) 539.3+54.8b

P3 370.8+41.8bc (73.8%) 68.9+7.6ab (13.7%) 62.7+7.0abe (12.5%) 502.4+56.4bc

P4 363.7+37.2bc (77.0%) 52.245.2¢ (11.1%) 56.4+5.7¢cd (11.9%) 472.3+48.0bc

P5 313.9+32.3¢ (76.6%) 50.245.6¢ (12.2%) 45.8+4.8d (11.2%) 409.9+42.8¢

P6 387.6+42.2bc (76.5%) 59.9+5.9bc (11.8%) 59.2+5.8bc (11.7%) 506.7+53.8bc

AEPKBIAE TR 2~3({K )3 PAHs ., 4( # )X PAHs,
5~6 (& ) ¥ PAHs. SPAHsq Fit B H A 7 1t
M3 3 s, ATLAE 1 4 25 PAHSs B /r B0 bek:
BRI/ BRI A 5 B g, P1okiAR T i
K, P5S KR TR/, X—458Y5 Li Sxdt
]I 5 g XK [Pk AR 4 rh PAHS AR AE AR,
A TFF PAHs 80 i T . &R, (i
AN[FPRiAE + AR SPAHS 6 FMMKFR PAHSs [T 43 0728
fEaARRL, R R PAHS (RS, H
1, K35 PAHs M TPAHSs,¢ FERIAEIIE/N, 15549
B e RN, BRI K, e mdRR
B 2535 182.5~240.2 mgkg!. T KAR T
W R PAHs Mt o8B RS, 594
Jo i A AR AR IR N TS A FRAIG, AR R L i
s L BEAE PL, PS RiAR T, {H P1. PS Rife5HAH
fRiAE T ATS Je B B IC 25 50, T o8
{HAVAH2Z 28.0~29.7 mg-kg ™' . PAHS Jii & 435U 1) it
7 A2 PRV /N TR /0 P8 R PR AT R TR - AL Ok v 757
HAEMBE. (JLE pm) ", FE XRORAR 198/

500 | Al -
"'u 450
-
-, 400 i - -
E 350 -
=
-
300
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SA/(m”+ g")
~ 17 A2 :
~ 70 (]
oy 63
E 56
= 49 %
28 32 36 40 44
77 SA/(m”* g")

wi(mg * kg')
2 2 2
. >

w/(mg kgl)
% £z

28 32 36 40 44
SA/(m’* g")

R AR R AE T+ 38 SA 83 TOC s hn, $25
T 4N PAHSs A9 2RRE 102

PAHs [k J& 52 M HAFE I IRAF I R R 2
—, ARYEAHSCITSY, AT LR HAE IR 0025 0 e 15 s
i PAHs HOSKIE, WK PAHs AHXTFRE,
Phe/Ant, 2~3 ¥& PAHs Hl 4 3f L) |- PAHs Y HUAE
J Flu/(Flu+Pyr) f1 Ipy/(Ipy+BgP) 1) kb {E £ 31| 45
012281 " AWFFE R HAE ) PAHS AR R, A
Jg 4 B HLL FAY PAHs T E IR TR eE, i
2~3 3 PAHs EE AT A2 yel™>>1, Y3t/
A<l B, FH PAHs FEEVRFIRBETR, 1M 244K ER
[ESR>1 B, WIZERH PAHSs = Filigeis e
fE4k) T 6 FiRifR R 2~3 2R PAHs 45 4~6 ¥£ PAHs Jfi
OB EMIRE: 3.23, 2,72, 2.82, 3.35, 3.27,
3.25, HEH¥KT 1 HAEA K, XEIHHHERE
X} PAHs HIRIEBAT M, kit 48 PAHs 3
K H TR A e RORR AR A R RS HERR
2.3 FEBUMRE PAHs SEHEEMESH

43 3% SA " TOC K/ 51{K3F PAHs . 1 ¥F PAHSs

Bl

500
Tep 450
)
* 400 -
=
£ \/4/
= 300 -
7.5 8.0 8.5 9.0 9.5
. TOC/(g * k')
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2 .
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§ 56
Y " -
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3 49
7.5 8.0 8.5 9.0 9.5
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Te 600 B4
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B 3 SA#TOC 5&% PAHs ESHMXR
Fig.3 The Relation of SA. TOC and all kinds of concentration of PAHs
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* 4 SAFITOC 5 PAHs RENHMASH
Table 4 The parameters of fitted curve of SA. TOC

and concentration of PAHs

A A B C R RfF A
Al -1.33 102.2 -1527.4 0.22 38.42
A2 0.4 32.9 539.0 0.92 41.13
A3 03 24.7 -393.9 0.69 41.17
A4 2.1 159.8 -2460.3 0.42 38.05
Bl 76.7 -1297.5 5830.7 0.39 8.46
B2 14.9 -255.7 11483 0.26 8.58
B3 20.9 -354.5 1553.6 0.14 3.48
B4 137.5 -1907.8 8533.1 0.30 6.94

Hrp, G IR TN Y=AX>+BX+C

=¥ PAHs, ZPAHsq [l 5 T &0l &,
A R R B E 3. £ 4 FR. W
Kl 3, ik BT SA 54535 PAHSs B /Al At
LML, £525 PAHSs I EE SA MR KM
14K 5 08 N (B DU PAHS 5T 3 B A A5 Bl it
DR SA HHAIAHIE, . E¥ PAHs i/ Ux
BT SA {E#HHEE N 41 m*g”', Mi{K¥ PAHs.
SPAHs ¢ ) SA 38 m* g, 42 PAHs i /055
SA MIIA B ARKZES, A IZAHHEREL
4 0.22~0.92, HH SA 53R PAHs i 435K
A4 R RS, TOC 5 PAHs B /r Byl & 45
I RTAR , {UIRFR PAHs. TPAHs;s 5 TOC il
LRANEAH AT . WAL IR Ok F
2525 PAHSs [T /3 50BE TOC 38 N5 2e s/ N b e 44
KIv#aF, PAHs ittt 73 B AR ST Y TOC i
FI7E 6.94~8.68 g'kg', M. 1. #i3F PAHs i/
BUAR S TR TOC #53, HET TPAHSs¢ fix
R ECT B TOC, —S8F 58 A A e P A B
5 M K A HL TS Y SRR A T (W B A
£, BTGRP & R NZ S R L
RS R IEA P WA A B TOC &R
SR PAHs AFHFIE A E RN, B R EA
T WU AL A 4 P s Lk
(2 BE RS A MR b B B SR L M 35 TR RS I
B S SE A RO R N B TR R S AT
W5y, FERFIA) 5 ASRARKES PEAT PAHS &
BRI, MR PUBRAELE 0 PAHs 764
[FPRIARLE 3 B S A R AE TN B SR RE g 5 2l lsyy
F55 PAHS 75 B TT KRG 43 A HRAE K W B A LB
KBS AHFREEF 7] REJE 520 Phe WK BRHVEfE A% B 22 A
£, HIL, ANREMAHARE S — e ORI W YL
YIMIMRAFRRAE , T T 25525 e K5 e i
J5 85 K A3 BT S S A TRAT AR AIE o
2.4 ARMFEEATRIENSEHELYENHT
WEEh PAHs UL EWIRIEAFAE, PEM 1l

PAHs X = Az o v e 500 AR Rl S AR, o~
TR HHEERR BV AR RO A 1 T B S A
nliE s EE S AT (TEF) SR SRUT 48
( TEFS ) B33 DU A G- o7 B 45 5 15 31 1)
BaP ) TEF Jy 1, HARFIZEM) PAHs MR AL
AR D0 s i Y @7 - R/ W T
TEFS=CxTEF

. C—PAHSs b &W BRI ot 55044

ANFPRIAE T SPAHSs 16 A5 R 5T 2 43 B50RN S 4505
OB L anE 4 FisR, P1, P2, P3. P6 &
W1 TPAHss B PEfcom , TR BOEH & 70~85
mg~kg'1, P5 #E4h PAHs 3R, M 56 mg-kg"lo
AN TR A% 25 550 1 3 B0 S B o i 43 B0 Ak R 3
BRIAR, oA 3 22{KH PAHs 751, 1H
HEERUTHR A EEAR, ARG ERK, Fhifeh
mIR PAHs A RAREIEMN EE M, THE
DBA [ TTHRELE 77%~84%, HUKIE: BaP, TifkE
TE 9%~14%. 154 e s B bifs, Haghk
FA—E R FIE R & m ks, W P2 kife+
FER SR T 0 B AT PL, PR R 3R s
A REZES . AR RIS S n o E
HRAIKEEE AR, TEF A5 A AT LIS e
iy 5%,

b
a B S AT A

800

600

400

w/ (mg * kg )
w/ (mg * kg ")

200

P
AN [FPREARAE

El4 FREHETPAHSHERRESHMENRESH
Fig4 The actual concentration and equivalent concentration in different

soil size fraction

3 g

(1) BifEX} SA, TOC. DOC A & &Hm, i
X} PH Fil CEC Tl #5200, 58 SA R A2 13k / )
B NER KRR, TOC . DOC [H)771E B A1
Xt (R=1, P<0.05), WFERA8/IN P6 +
g R BURE, P, P2 AL, &SRiie A A+
SR B0 B AR B BT BTRR R AR AL, 2N
Sy ISR VAN =Ry [ i0F S5

(2) . "H. =¥ PAHs M SPAHs¢ JHif 4k
Bt A A28 R DR/ 2 ST RRATC S T i i g, P IRA
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PAHs il EPAHs¢ it 7 80t FE AR, ¥k
P1>P2>P3. P4. P6>P5(P<0.05), 1. ¥ PAHs
PR, NP1, P2>P3>P6>P4., P5(P<0.05).

(3 ))PAHs JFit /0 5ult SA 35 5L Je 8 KB s
AN e, P A LG M 2R oG R B B
0.22~0.92, Hih 4 ¥F PAHs 5 SA 545 0T
( R*=0.92, P<0.05 ), PAHs fifg/+ 45 TOC Ml 4
SR, PAHS JiTi /3 BOREE TOC s K2
Se/ R RS R ke, Hirh 2~3 ¥F PAHs 5 TOC
PIARCR B (R*=0.39, P<0.05),

(4) ARIAPKIAE PAHs BIS5305 o055 S P i
W BUEAIFA—EL, PAHs SEFR 5 0L
fEi#a$5k P1>P2 . P3, P4, P6>P5(P<0.05), 1fii PAHs
SR RSB, P, P2, P3., P4, P6>P5(P<0.05),
ASBE AT B V5 YL () i A o FI W L B M I
TEF (5| AW DRI it ar 2%
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Occurrence characteristics of PAHs in different particle size of soil
from a coking plant

WEI Meng'?, XIA Tianxiang' , JIANG Lin', YAO Juejun', JIA Xiaoyang', LIU Hui'

1. Beijing Municipal Research Institute of Environmental Protection; Beijing 100037, China; 2. Capital Normal University; Beijing 100048, China

Abstract: To investigate the accumulation of Polycyclic Aromatic Hydrocarbons (PAHs) in different particle size
fraction of soil and the correlation between the concentrations and soil physicochemical property, the naturally aged PAHs
contaminated soil taken from a typical coke oven plant at southeast suburb of Beijing, China, was mechanically screened and
classified by particle size, P1(0.5~1.0 mm), P2(0.25~0.5 mm), P3(0.15~0.25 mm), P4(0.106~0.15 mm), P5(0.075~0.106 mm),
P6(<0.075 mm). The physicochemical property parameters such as pH, specific surface area (SA), total organic carbon (TOC),
dissolved organic carbon (DOC) and cation exchange capacity (CEC), and concentrations of 16 priority PAHs in USEPA list were
analyzed in the six particle size fractions. The results demonstrated that 16 PAHs were detected in each particle size fractions, where
the highest total PAHs concentration occurred in P1 size fraction, and the lowest occurred in P4 and P5 size fraction. Low rings PAHs
(2~3 carbon rings) and the total PAHs had the similar concentration changing trend, P1 > P2 > P3, P4, > P5, P6 > P5 (p < 0.05),
whereas another similar trend, P1, P2 > P3 > P6 > P4, P5 (p < 0.05), appeared at both the middle rings PAHs (4 carbon rings) and the
high rings PAHs (5~6 carbon rings). It suggested that the concentration of PAHs had depended on SA, TOC and DOC for all the six
size particles. With the augment of SA, the concentration of 16 PAHs increased to a highest value, 38~41 m* g™, before the decrease
at the P6 size particle. As for relationship between PAHs and TOC, the concentrations of PAHs decreased to .0~8.7 g-kg™' with the
increase of TOC, followed by the increase at P6 size particle. Furthermore, it was revealed that the toxic equivalency factors (TEF)
concentration had a changing trend P1 > P2, P3, P4, P6 > P5 (p < 0.05), differing from the actual quality concentration changing
trend, which was P1, P2, P3, P4, P6 > P5 (p < 0.05).

Key words: Polycyclic Aromatic Hydrocarbons (PAHs); coking plant soil; particle size fractions; specific surface area (SA); total

organic carbon (TOC)



