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Abstract: Soil particle size distribution and contaminants distribution patterns in different soil size fractions are the basis of soil
treatability using soil washing method. Soil particle-size cut points are important parameters of soil washing process. According to ex
situ soil washing technology, soil samples were collected in a former coking plant. The soil particle size distribution and the
concentrations of 16 polycyclic aromatic hydrocarbons ( PAHs) in USEPA priority list were analyzed. Tween 80 and Triton X- 100
solutions were used to clean the polluted soil with different particle size. Results showed that the total concentrations of 16 PAHs ranged
from 6. 27 to 40. 18 mg/kg dry weight in the six soil size fractions and present a bimodal distribution. The maximum individual PAH
concentration mostly occurred in the 250-500 pm size fraction. The lowest individual PAH concentration was in the 50-75 pum size
fraction. The removal efficiencies of PAHs in different soil size fractions depended on their initial concentrations and the characteristics
of soil. The PAHs removal efficiencies in coarser size fractions were lower than that in the finer size fractions owing to their higher
organic carbon content. Based on the removal efficiency of PAHs in each soil size fractions by surfactant solution and the requirements
of waste volume reduction, 50 pm was determined as the particle-size cut point. Then, 82.95% volume reduction can be achieved.
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A BRI A AB AL T A 50 AE TS G
s TR A A AR B A AR K O A T
15 A RAE BT (MR T 0~2.5 m) i 1 3
ASRAE L AR AR J2 ORE . 25 B3 Rk e B 2 T
PR BRG O0 L BT A B FE s AT TIR G TR 14
ZBRAT R BASEZ Y TR i 2 mm G IR AT R
M40 4% 6 DARLZ (<50 pm, 50 ~75 pm 75
~125 wm, 125 ~250 pm, 250 ~ 500 wm F1 500 ~
2000 wm) 1 EFE,25H.
1.2 il

SEG T AR AR S e (AR, T T
Baker) ; Nl (4 #% 9%, J. T. Baker) ; I CU ¢ ( a3
4l ,J. T. Baker) ; /K OB (ordral, db4b 1)),
fr HI R 2EAT T 78 5 Cu Ky (20 A2, R i FERRRS 411k
TARFEAT) 5 Bk B - (Ao gl R HE T AR R A 2 3R
AR TED) 5 JCOK B R 4h (DL 4l , K e i FER RS 4i
P THWFFEAT) kI (80 ~ 100 H , LA & 4l 357 45 PR
o) AR SR (100 ~200 H 434l [ 25 4 14
e i A R A A ) ; & & 4k (Sigma-Aldrich,
USA) ; Triton X-100( Amresco) ; Tween 80 ( Fluka) ; 3¢
B EPA i #% M 16 ' PAHs B & b5 #f
(AccuStandard) : 2% (NaP) JE 4 (Any) J& (Ace) .2
(Flu) (4E(Phe) (B (Ant) ZZE(FIA) (B (Pyr) (2K
I (a) B(BaA) Jii (Chr) (I (b) % (BbF) (7K
I (k) P (BKF) FIH (a) tE(BaP) (EiFF (1, 2, 3-
cd) BE (InP) , = JF (a,h) B (DBA) ZKIf (g,h,i)
J6(BgP) ; b5 #E B AL (sunogate standard ) : Z¥-d, .
3E-d,,  Ji-d,,, ¥E-d,, J§ H AccuStandard.
1.3 R AL 2RO E
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AT 5 P 5 52 46 SR 1 4010 B0 % o v DU
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Tk, <75 wm R A HCE L. BB LK (TOC)
XM TOC 23 ¥4 ( Elementar, 2 [E ) ¥E47 0 2 .
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A — & B B Z5-d,  JE-d,,  ii-d,,  EE-d,, 7 9 [ i
G TR Py I e A L A R - T R TR A TR (1
S1LPRBLLG ) S R AR AR IS . R O
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s 2 .
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¥ ¥R 80°C , £ 4F 3 min, L1 10°C/min 7} i 2
250°C , {5 4F 3 min, LL5°C/min T} iR £290°C , {145 7
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7).(69+7)% (n=7)M(90 £12)% (n=7). IEC
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Bl 1S 3R AR 43 A0 B 7 B %+ 58 LURD KL AR D
Ky F,50 ~75 wm BYORL A B T 4 S B E
37.41% RS 75 ~ 125 pum B9 Ok, & 2 T 4 4
BT 23.44% . KGR A (1 ~ 3 mm) FlAD AL
(0.05 ~ 1 mm) & X K Hl ki, ¥ &> (0.002 ~ 0.05
mm ) FIZEHRL ( <0.002 mm) & Ak, AR & 3
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Table 1  Main physicochemical parameters of soil
_ W FKAR TOC CEC
Eisgan 24 pH .
/grem /% /% /cmol - kg
LN 2.70 3 7.98 0.48 9.67
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Fig. 1  Particle size distribution of soil
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AR HHHEE LR, REDRAR Y + e
srh  PAHs FE7EIE AN T FEA& 52 3 i vh 5B i)
XS B2 BE AN [F]. PAHs 7E DR B (RiAE >2 mm) Hh

B BEAE R, FERP KL (75 pm ~2 mm) 325 LR
T RAFAE TEARL( <75 pm) AL BB

16 Fff PAHs A9 BVR FEFE 6. 27 ~40. 18 mg/kgZ
[E] (& 2). R PAHs 76 A [RPRL % 0] B A R K% 5,
BLZH B AN 3 A1 e B A AR ] (8] 3) . X B ik 1 A
T PAHs FLAT AR A A9 SR UE'T. N PAHSs 7 #4501 44
W IR AR B A ORLAR 1 3 K, PAHS ¥R B G
Wl /DN S 2 RS O B S SIS T BLORLIE 43 A 3 [
O SCHRAO A FE 45 R — 2" A PAH 15 e i &
R R 2 AR 250 ~ 500 pum (4 0K RO
125 ~250 pwm AR, 50 ~ 75 wm A UKL V5 G ) e
JE ARG, 32 B O PAHs AU+ HE LS5 A S 1B
HAAAE B VAR ( ERAE LA pm) 19BN A7
FET e X n] A2 i BUML UKL T PAHs & 5 1 5
(SR 22— PAHSs FEAS [RIRLGE A 40 A1 36 [7] 45 L
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Fig.2 Concentrations of 16 PAHs in different soil size fractions
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Fig.3  Concentrations and distribution of 16 PAHs

in different soil size fractions
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H TS RGN 3 PAHSs SOV BE (9 BT R
B R ARG 1) SR S B BORE SR O SR A
LA D> PAHs. &R0 xt > PAHs B9 5Tk &t UL &
4. % > PAHs BRRE i KAGZE 125 ~250 pm )44
B, Lh 12, 68% 4 5T i 73 X TR T 24. 62% 1 PAHs,
HKJE <50 wm BYRURE, BL 17, 05% 9 5 & 43 5ot
Bk T 23.33% B PAHs, >50 pm §9W0R 5THK T PAHS
B 76.67% . WARTRDRLZEAS > PAHs (9 5Tk 4
e, AR X A fAT B A 4 R A3 B O 1k B 0 B KB
AR 15 1 - S 2 20 1) B . (B2 0] LIRS AR 41 550k
HEAT A3 B R FH 2% 1D I P 006 Ok 2 B R ABURE v iy
PAHs, 1117 XJ 240 Uk R JH AR W18 52 46 Oy e AT A 3
XA RGBSR GEAR A T E AR, 5 R
2l (4 A s S AR L B 30 ) e A £

2 NI PAHs TS W W1 Ia e 2 e fg 2 A
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Fig.4 Relative contribution of individual particle

size fractions to composite PAHs

pm. 50 ~75 wm, 75 ~ 125 um Fb, HiAl 3 Ak gL
+ 3 BaA ¥ AR, BR 50 ~ 75 pm. 75 ~ 125 um
HbHAD 4 SRR 13 B (b&k) F AL InP ¥
b G, TS e W e N TRV RL O+ S i oy i ok
AR 38 Ao TR P 114 0 B 3 5 ok S B A 1 H Y

®2 49 PAHs KEREEBEIRE / mg kg™

Table 2 Concentration and remediation goal values of some PAHs/mg-kg ™~

1

v
PAHS R/ 5 A AR B
<50 50 ~75 75 ~125 125 ~250 250 ~500 500 ~2 000
BaA 2.26 0.54 1.38 3.75 4.83 3.39 2.40
B(b&k)F 3.95 0.76 1.98 4.74 5.59 3.65 2.30
BaP 2.05 0.43 1.02 2.47 2.70 2.13 0.24
InP 2.92 0.20 1.20 3.52 3.98 2.45 2.40
2.3 NIFEKI G 4 PAHSs [ VERICR 70
N TX100
K5 %5000 mg/LKJ Triton X-100 (TX100) Fl 60 0 TW80
Tween 80 ( TW80 ) XF A~ [l 47 4% + 1 b PAHs Y 2 [k 230
WOR. B  PAHS HOW G R FE BORL A ik 5 £l
U e i
Torres %5 5 BF 5% + 49 vp 2 47 T 2 B Tk % A5 é 30 ¢
) 25 18— 3. 25 bR Rt i 19 M APk 50 ~ 75 wm Al =20
75 ~ 125 pm R TE LA 0 45, X W AE 1A 2 PAHs 10
MR IR Fe IR 1Y 2 A kL 2. 125 ~ 250 pm & 250 ~ ' s Tase125 250-2 000
2000 pm MR H T EARZHA IR, Hife/pm

PAHs 1Y £ BRFBAXS AL, N 16% ~29% 1 5 ¥y b
FERL( <50 wm) &5 A1 PAHs 2 B 5 U A X v —
B N 25% ~38%.
2.4 VARG E G

0 FAHRL 4 43 51 0 38 W E A 74 pum, X A
Sk 2R LY 2 T AR RL L R AR K 1 ~3 9L,
Ak — BLY5 Y HORDR ZE T AR BT (EZ o L E R
J2 [ 5 1), v] DAAR I 52 B 37 1l i) 15 0 647 3% A Y
AT LIEZE 20 pm™°.

AT R PG PAHSs 78 K [ 07 2% 1 58 v i e

Bl 5 TX100 1 TW80 I R E 412k + Bt PAHs B KR &
Fig.5 Removal efficiencies of PAHs in different
soil size fractions by TX100 and TW80
JEE O3 A AV BR R XE B R SO sk gk T A
FRARE 2073 AN TR B E R ] R B i S B > 2
mm YR <2 mm B9 T RUR R F 7K I e i o i
FHHLRL R RL Y 43 B, LA 50 wm FE R 20105, > 50
wm (A MRPE R, <50 wm (120t 22 BRI U
T KIS F A J7 125 R A7 Ab B 33 A il 25 2 1T L) gk
#) 82.95% , WM K KW 1 5 I 25 Ab P Bl a2
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2 32 &

Ak (A YE S T el SO BB ) A A AR R
3 4ig

(1) AR AR 23 A1 SR &, 2 4 33 LAWD L ALK
PR A 50 ~ 75 wm BYRSURL (5 ) T+ R T Y
37.41% RS2 75 ~ 125 pum 59Ok, & 2 T 4 0
SRR 23, 44% . HLRL (0. 05 ~2 mm) 5 #) T 4
SUBTHE 82.95% . M\ TS BT R R i A R kU
B TIEAE.

(2) M\ PAHs 7E 6 HRLZ T B9 o3 A0 K A, Bl
R 1S K, PAHs Wk BE e /N | 5 3 W 1 K Bl
J& SN T8 OB 43 A1 . B> PAH Y5 44 W 19 d =
WP K £ IAE 250 ~ 500 pm Y UKL P, R R
125 ~250 pm AYFURE, 50 ~ 75 wm B R 5 4L )
WEERAK. <50 pm AR LA 17. 05% 11 5T 5t 53 5K
TRk T 23.33% 1Y PAHs, > 50 pm (4 50KL 53 fk T
PAHs B i1 76.67% .

(3) M4 PAHs 78/ [R] 0L g% 4= 38 v 19 ¥k B o A
2 6 (0 e B B2 B B 22 LA SO A SR 98R 26 110 G
SrEIE, >50 pm WHE AR PER BT, <50 wm 194
b R BEDTTE I K J5 G A 7 1 2 A7 A 3L 3K R U
250 LLik 5] 82.95% .
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