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T WHHEAE KPS (volatile chlorinated hydrocarbons, VCHs) A7 3800 EZHLHI 2 —. TR Sh AW B S8, ot T
4 BhE UL VCHs 15 Y 7e 3k e 8 g0 + 49 v Al W B8 06 22 25 SR e I, H 33878 T 45 0F T % VCHS S AW B ) Bk
FIRIE S5, ELRE S /KR 0 T 5 W B RE 7 2R T B, 78 3K A 8 10% DUJE 8 it s TR e, 1B R =&
(TCE) WU M (PCE) | 1,1, 1-=5 %6 (MC) MR W B 55 TR R A5 & Henry UM B A5 IR 2, 10 1,1,2- =5 286 (1,1,2-
TCA) f54 Freundlich #%, VCHs £ £ 58 ip Az i SR B 5 4 845 LA (soil organic carbon, SOC) & £ I1EAH K, HAZ
SOC ZEHUFIL A Wl P 2 M e K. S5 LY TCE \PCE £ + 48 i BB 1 5 SOC & 52 2™ 4% IEAHDG itk Mk iy MC| 1,1,2-
TCA 7558 - 55 Sk -3 R 5 SOC & A 0¢, i852 3 SOC W BT BLAY2NA. 37 T TCE A1 PCE 7E M - ¢ v () 4885 1 it
S TRAR A | T 5 S A e M R (n =80, R =0.98).
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Study on Equilibrium Adsorption of Volatile Chlorinated Hydrocarbons on

Humid Soils

MENG Fan-yong' ,LIU Rui', Kobayashi Takeshi’, WAN Mei', YU Su-lin' , CHEN Lii-jun'"

(1. Zhejiang Provincial Key Laboratory of Water Science and Technology, Ecological and Environmental Research Department, Yangtze
Delta Region Institute of Tsinghua University, Jiaxing 314006, China; 2. Graduate School of Environment and Information Sciences,
Yokohama National University, Yokohama 240-8501, Japan; 3. School of Environment, Tsinghua University, Beijing 100084, China)
Abstract: Adsorption is one of the principal mechanisms for soil contamination by volatile chlorinated hydrocarbons ( VCHs). Dynamic
adsorption experiments were carried out to study the equilibrium adsorption of four common VCHs pollutants onto eight typical soils in
China. Results showed that dry soils had far greater adsorption capacity than humid soils. The soil adsorption capacity sharply
decreased with the increase in the soil water content, and then reached a plateau as the water content rose to 10% or above. The
adsorption isotherms of trichloroethylene ( TCE ), tetrachloroethylene ( PCE) and 1,1, 1-trichloroethane ( MC) could be fitted with
Henry’s equation, while the adsorption isotherms of 1,1 ,2-trichloroethane (1,1,2-TCA) could be fitted with Freundlich model. The
adsorption capacities of VCHs on humid soils were principally influenced by the content of soil organic carbon (SOC) , but sometimes
also impacted by the composition of SOC and the polarities of the VCHs molecules. Low polar molecules such as TCE and PCE showed
adsorption capacities positively dependent on the SOC content. High polar molecules such as MC and 1,1,2-TCA displayed adsorption
behavior not only influenced by SOC content but also by the SOC composition of high SOC content soils such as black soil. An
adsorption equilibrium simulation model was developed for TCE and PCE on humid soils, the predicted values correlating well with the
measured values (n =80, R* =0.98).

Key words : volatile chlorinated hydrocarbons ( VCHs) ; humid soil ; sorption isotherm; soil organic carbon; soil minerals
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M), 4961 VCHSs W B ek Fifl 498 5 7K 3838 A s/ )n.
WA, 13 MUK (soil organic carbon, SOC)
JEDLAE VCHs W () SR 2. — it , SOC &
<0.2% i, HHEW 5 SOC & B A A K, £ 315
SO R G £ E T i SoC FEE T
0. 2% I, Chiou 25" $i H 1 £ % 23 B AR RN £ 3%
B B 5 SOC 7 B AR PEAH G, SCHk[8 ~ 121K
VCHs 7E T3 rhak 20 f 7 75 2 LR EE 2= LA A
AFTR] 52 30 B 5 IR BT 82 B0 e O i i 5l B AR I
BRI S, ITAE R SCHR 13 ~ 15 il 3 WP 5% - 34 43 e
A P T T R B P s i, G LA R T A AR
UAEE S
SCHR[ 16 ~ 18 ] BFFEARL AN 2544 VCHSs 76 I
(R B, e A APV B2 T W BFE 45 R 4 WT ) Henry 55
KFR, H AR 75 250 Koy (Lokg ™) 5
SOC FrfE(a,% ) RIE[ (1) ]:
Koy = Koe X @ (1)
A, Koo (Lekg ™) Ry B+ e LA (1) 1 387K #
W B 5 VF 2 AR Ko H S A VLAY
0 TE 2 - 7K 43 E R 8K Ko BOK IR SR BE S, A6, I
T —R A, Wk 1 PR,
F1 Ko BT

Table 1  Predicted equations of K.

1gK o =3. 64 =0.55 lgSy ; Sy, mg-L~! [19]
lgG =4. 04 -0. 557 1gSy,, Ko =G/1.724; Sy, mmol-L~! [6]
lgKoe =5.3 —0.54 1gSy 5 Sy, x10° (FEIRAME0) [20]
1gK o = algKgy +b+ (1.52 1g[H]/[ 0] -0.73) [21]
1gK . =0. 903 1Ky —2.906, 1.7 <1gKyy <7.0 [22]
Koc =0.007 3K%3° , Chloroethylenes [23]
Ko =0.004 5K%7 , Chloroethanes [23]
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(1), s (mgekg ™) Sy 1010 1 I 19 1 7 W Bf 3
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AP B SIS 0 (2) P ey Fl e 7300 MR

{1 - S A I B ek AL MV E | K (m kg ™) S
SR SAF R P AR
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7K Na,S0, ,73#Hrél; HEE, s
1.2 hHERES

VPR TR Tl & ik 1 [X i LR - 34 S AR 5T
e AL R 08 AT R A AT AR TR
WA RO K S A X KRR (SR e
TRUR) JLPGLIIE T AR RE L. K 8 Fh B A + b
HESEZETR KB G 28 T /KR il— 2 AR I+
e B TR TR T R 2 L CTR A gtk A
TR 9 A5 AN B TR AR A, DA B 1k A K R AR
1) . A - EE AL R L AR 2 R, K2
ORI R A ST A R R B0 1 TP
LT R AR RS o A BT R E RIS B A S 1)
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44 d JUB A #E R ME RRTE R 1 38 v (4P A e BT 5 1363

F2 ERELEMEAERY
Table 2 Physical and chemical properties of humid soils

s TLVHLHE CTRSE WREE L TR L FOBH  FERR BRITBRL JARKREL
SOC Frki/ % 0. 423 0.580 0.766 0.986 1177 1.508 2.001 2.233
PR/ % 36. 4 29.0 25.5 3101 31.9 36. 8 33.9 41.7
pH 47 6.80 8.15 8.18 7.04 6.70 6. 14 6.80
CEC/emol (+) kg ™! 10.0 21.6 12.8 20.0 — — 31.0 19.7

1) —F/R A M E

Jek A 7 24TAR , HHER) pH  F7K% SOC & HEARYE SEHALBRANT

FHSE AR E 202 | - A ML A i B 52
CEC 11 5% M AR /1N, oK XF W5 A + 3 19 CEC # 47
W 5E
1.3 Bl BT S 30 vk

MR X VCHs SRR W RE 7 b4 £ 35
BB 2, SR RS T4 b U e i1 e i 2%
FRE T A W B AR AR R T 2% PR, AR S 56 ] —
£ GASTEC brifESUA R A2 &, LI 5 i kA 1
SEWREIY VCHs A, SR JH 2l 285 W B 1 1 512 6 25 5
PEHATSL 8, B R 1 R, BIPaE  kh
PTFE #4J5, S MACRAE O =l 33k il 4, - AE R e
Il P B 1 R 6 B i A

Tk

(1) [ EFEFIIALZY S o fR i AL B IF 4%
FEREE b A sl N B X W B S, 25 2 TR R
R ZH b DX - S5 00 A1 MR B2 K T R K A 15 7
15C.

(2) FHFRUESR % A 250115 F8 8 W 19 VCHEs
SRR 38 3 AR ) 22 s DA IR A TR
FEN 15%C 1 95% ~100% , B 1k HIES KRk
HERARE.

(3) FELEE AMEE WK VCHs SARfl 17
WL, T SE R e 3l 48 h R AR MR AR
AR AT, TR TN Ry W B 48 h st 66 7S 4 3T SF itk
. 1000 WLAH 25 14 55 4 B AR AE H Rl 200

R

X Fifit it

%_{FFXFFI 1 20-20(mL-min”| o=
%

S EEAREARE +| |+

AR ANE A NE:: ¥E ;

al|s| 6| |7
J &9
WAHE

ik ARHE15°C

1 HERMFEIREE

Fig. 1  Experimental apparatus of dynamic equilibrium adsorption

pL #F GC-ECD 43 #r, Wl 15 F 5 <Ak Wk B
(mg-m~).

(4) HUH A A HE It 0 Y i 1) - 4
W B e, AR R IR 3 BB I, =R (4) 316
VR - S A e (mgekg ™)

0. 006 x ¢,
M_, x100/(100 + a)
1.4 1SRN Y 53 by

Vi Y VCHSs W B FH A 4 B 7
AT E P TRINR

(4)

Cg =

(1) 110 mL B0 TIA 6 mL FEE, FFA
2 g Jo7K Na,SO, DAl HH B RO Hh () 7K 45

(2) 55 LIEREN, 2 o 224 GHUIM A T 5 4
BSOS T, S B iE 35 % 3, 5250 BT RFRR
ARG W04 T, 22 ki s A 13
4 e M (g)-

(3) B4 B0 ] A R T e
FE S0°C B HEI 1 h, (8] 7 b FH -9 3% $2 5) Jnask
FIEER A4 TS 12 b JE R R OPIE SR
L5000 remin ' E.0 30 min, A 5 L SR AT
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Bl pl BB GC-ECD Mk, (3% 214 . i
FHEEE 200°C ; A5k K 75 kPa; 43 H 2005 PR3
i 3 mL-min 'y 3% A B0 4G TR 40°C, DL 4
C-min "' F+ & 60°C, FELL 10 °C-min~' T+ E 90C;
ECD 75 250°C , Hi i 1 nA. 7551 I B4R UM 1) 9 75
CM(Mg'L_l)-

2 #R5iTR

2.1 IS KT IR RE S 5

FHA = A 3 DX 5 3 U FH AN 4898, 20 T TCE
SMHE 21 700 mg-m A - EAE R[] 7K R
S i R AR AL IR 2 BT K SR S
RE I MAR A, T3 AE T8 S 1 1% P VR f k2
26 376 R B ) ST A T B, 249 1 000 6% 225 47
IR 5% LA B, S A 0 B B K 8 00 I
SRIT R, Z 5 PR, 5 KEIEF] 10% L
Je B B T AR . O PR T ) B
KB LRI AL, HL R & A KRR K £ T
R 3% 1HD RE 6% R KA VCHSs, [RIK 43 F
DA A 5 5l SR AE B 1 2 ETE B EL A K B
KR HR, K T K I §] T VCHs
TEA 1) 0 AW B, 645 VCHS W B 2w di 2.

10 000

—e— i
v R
. 10008
E
[="1]
E
= 100
=
=
=
B 10 |-
& _-_'A
1 1 | L ] i L
0 5 10 15 20 25 30 35

THEE A%
2 TS KE IR EE BN

Fig. 2 Change of adsorption capacity with soil water content

2.2 P SR S I B A IR

F 30 2 V- £ I B S 56 A A5 3 1Y 0V - 9 Sk
TCE .,PCE MC . 1,1,2-TCA YW fh 4500 n 1A 3 ~
6 FiR. FESC SRR EESE I P9, TCE \PCE Fl MC
TE A5 1 R (181 2 B 5 A A S R R P 2
PECZR B BFAE TR AT & Henry BHI[ 255X (3) ],
1,1,2-TCATE A 3 v i) - iy W Bff et 5 MR v B 222
PRARLEMESE R B SRR 2R 45 A Freundlich FERI[ 45
x(2)].

K3 ~ &5 r g B 45 i 4 i #3535 4 TCE |

PCE \MC 7£ 45 1 58 v i1y - 5850 W% B - 45 3 2
Ko, in3e 3 s, 6 il it 25126 19 Freundlich J7
RSB Koy F1 1/n W3 4.
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Fig. 3 Adsorption isotherms of TCE on humid soils
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Fig. 4 Adsorption isotherms of PCE on humid soils
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Fig. 5 Adsorption isotherms of MC on humid soils
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Table 3 Soil-gas adsorption equilibrium coefficients of TCE, PCE and MC
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PCE 1. 039E-3 1. 408E-3 2.410E-3 3.434E-3 4. 814E-3 5.823E-3 6.201E-3 7.726E-3
MC 4.956E-4 7.461E-4 9. 440E-4 1. 026E-3 1.921E-3 2.230E-3 1.443E-3 2.406E-3
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Table 4  Freundlich equations’ coefficients of 1,1,2-TCA
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Table 5 Soil-water adsorption equilibrium coefficients of TCE, PCE

TiH 415 FribE EeE Mt Hi e GE /4 Bt KA1
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