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Sorption Equilibria of 1, 3, 5 — trichlorobenzene by Soil and Sediment in Water Body
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Abstract: Sorption — desorption to natural soil /sediment is an underlying process affecting the transport, degradation, and biolog-
ical activity of hydrophobic organic contaminants (HOCs) in the environment. Mineral fractions and soil organic matters (SOM) in
soil /sediment play important roles in determining the sorption and desorption patterns of hydrophobic organic contaminants. For
these contaminants, the mineral fractions of soil /sediment play minor roles than SOM. Much recent work has revealed that content
and nature of organic matter have a significant impact on sorption capacity and nonlinearity. In the paper, we used 1, 3, 5 -
trichlorobenzene as a probe to explore sorption of hydrophobic organic compounds by soil /sediment from aqueous solution. Sorption
isotherms for 1, 3, 5 — trichlorobenzene were measured experimentally for different soils and sediments. The linear and Freundlich
isotherm models and the dual reactive domain model (DRDM) were used to fit the resulting data. The results reveal that: the linear
model was not appropriate for describing any of the experimental sorption data, and the Freundlich model was found to be adequate for
all samples, while DRDM was appropriate only for some samples. All isotherms were nonlinear, Freundlich exponents (n) ranged
from 0. 756 t0 0. 935 for 1, 3, 5 —trichlorobenzene. Sorption capacity of hydrophobic organic contaminants relates directly to the
content of SOM, and the content of clay minerals may be a critical factor. The base extracted samples exhibit significantly higher
sorption capacities and more nonlinear than these untreated samples, which suggest that the presence of small amounts of humin and
some special carbon materials may be responsible for the observed nonlinear sorption.
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AT A T SR A A R DU SR AR LA,
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& BURE A BB AY , [R)RETA Sy A S b AN [m] P AR
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ARAEIZ N A AL G, A2 B X,
fasg, HHEHEREFAEERA Y B AN, BTl
FE H AR A AR 2218, ISR fa i TR G . an S Anm
2 RAYHIAE 1970 4F 1 1972 4R 4% - ffi 49 DDT 4%
2, BATESEE AN RIS Ay e o -1, &
AW E 158, DIRY DL bRk B Z 1)
Y AH ELAE T — W% B oo Rtk HE BRI AT Ry e B 2 1Y)
PRI 2, E S PR B A W oo AR AN (H 2 5 e S X
AR | oA AV AR e, T ELIE A o3
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1.1 # 5 R R R

I A 3 A RS 3R B ST RB X, 4
5 GZ1, GZ2, GZ3; —AFEiR A £ E Chelsea Hi[X.
(MI,USA)FJZ +3E, 455 CHL; JIEWIFE SR B S H
TIRBAILIANIE , 25 HFH, SRAER 138/ IR e 25
BREEA S22 )5, 42 B AR ITIF S 3 20 H fiiss
F o B A R A NaOH 1 R BOA HL5 S22 —FP AR
AR I 75 o NaOH FEIBGTFE : FREL A HEAE 5 25 ¢, K
A 300 mL B0, AITA 250 mL 0. 5 mol - L' NaOH
VW, AR S min, BB DR ER R R G4
=% 24 ho B HLEE AT 2000 1+ min ', 435 20
min J& , JEIRAEEE , FEANA 250 mL NaOH &5 , It A5 B
FHE 4 ~5 WG BRSO IR EEN 1k 5RE 15
BT KGR 4 ~5 W, ME H pH (HAE 7 ~ 8 A 47,
BTG

VEPEIIWL T 1,3,5 - =408, FEER T
b T A 56, )32 H BLTE b R AUK IR EE A A
MUY, 1,3,5 - =ERM 0 F 5k 181, 5, Sk
H5.36mg - L7, #ENJE99.5C, HEH 1.386 ¢ -
em ™, SEEE - KA EL R logKow iy 4. 02171
1.2 X @678 (XRD) 43 47

B 1 g BRSBTS 1 200 H B, HEFT X OB L AT
Sor o P RALER TS0 H AR 22N F) D/ Max -
2200 B X HHERATHHMNL, ARG XRD &3 A 2 A i
FEARET YR E . T XRD S8 ik
AGWJRRR, bR BUSS TOES SR, AT
0 FOR R S, A — T uEr, B
SR AT R B W 25 R TR R AR Rk AR
HEES,
1.3 =ZKFHNE

2 HP 24 7] 1100 FBEAH A 3% (HPLC) 27 5840
A WA (UVD)I e = SRR S 45 )

F1 TE/MROEROERER

Table 1 Basic properties of the experimental soil and sediment

FE pH i HHUK /%  HWREB/m® - g FEWA /% BT/ % HFIE /% SRAT/ % =81/ %
GZ1 4.38 2.01 20. 04 3.35 — — — —
G72 7.64 3.24 31.4 — 2.54 14.27 1.93 7.64
GZ3 4.37 1.13 22.27 1.93 — — — —
CHL 4.26 5.23 5.29 1.63 — — — —
HFH 7.22 2.71 34.08 — 3.07 3.70 2.86 3.78
GZ1 =N — 1.05 16.34 — — — — —
GZ2 -N — 2.69 31.95 — — — — —
CHL-N — 3.02 5.45 — — — — —
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{034 (ODS A, 5 wm, 2. 1 mm x 250 mm ), G shHi N
K+ 2 EBHE I 12: 88), HiE N 0. 34 mL
min =", ZERKRA 5 wg - L' {XERECA A Zhit
FER G, IR AT = SORM T R, DALLHf e i
W = EAR L
1.4 RHXIE

T EIAW: CaCl ¥RIE /0. 05 mol + L' ({35
Wb —ERE ), 100 mg + L' f NaNs DLl
AEYIIE S, NaHCOs (5 mg + L") DUMEHEAAW pH
HAE 7, =FEEGELWAENY), AT Bk X FhE
S PR, 9256 PR S5 [ Drexel KA Y 58 4%
BPERMEE . 1E 10 mL LR PRI & BIRE 5, 2R
JE A 10 mL e JE B 20 ~ 5000 pg -+ L' A =4
PSS B RIS S i WA L LI/ =Y S R
e GREE 25°C) ¥R 3 J8 . Wil 4h 3 d Bk F
SR R %1, AR IEFE S DTBTE I O o EEBUE J5
AR E#E 3 d, SREFPRBOH B2 E RO e =&
IR R B o 283 4 T s AR VA i VS YR A e O B BT 1
VS E ((C.) , MR B 25 80 B Joi o 1) R A 500 WO A5
P (g.) o

2 FHRMITIR

2.1 &R E

W BT R i A T ST S22 b o o i e A B —
e, PSR T 2 MG (1) W A 2 Rk
BETHE B4 (Adsorption) 5 (2) ¥ 5T A—MA F 1]
— MER BT FE (Absorption) o 7K A4 HR SR 4 %5f
VAT A R e — A sl P R, AEREDE R T ,
W B 8 3 S, ORI g ST
BB AT E C Z IR AR,  n] R R S5t 26
KR o AT YIE 138 /IR b A A5 TR R 2k
IR 23Uk

LMEBEAL T g = Ko C. (1)
FCH s Kip o2 M B0 5T ) P67 0% B 4
Freundlich #8452 : ¢ = Kr C: (2)

A H . Kr J& Freundlich BE5 T 55 0% Ff 25 & F10 B 5
FEA RBHE LG n FRIE /R W B SR 4 AR e Pl R
WNon=1, BUAZRYEDBLAERE; n <1 BRAES R
(R

T IERPURRY ] F 1 A LRI TCHLE 53 2H B
S5t (heterogeneity) 2544 o X Fh &5 I #Y S Bk n]
DA 52 e W B 45 i 2 1 R PR DA B 3 5 i W B LR o
Weber and Huang'® * #& th 38 / UFR P W B HIL TS G

Wi = oC SRR o AT TR 13/ TR v I R A
BTG G 4153 53 BUTC AL M) 3R 1T (domain 1) \JCxE
TR +3APLE (domain II) FIEER SN A PR
(domainlll ) 3 /4~R43 o Hrr TCALA P 3R 10 TG & TE 1)
T A LB A LTS G i W B LA 3 Bk 3 A
BTG S W1 BE SR A0 3 BILJTT 1 WA B D 2 3y
JELPER . FHBUX A AR 7Y (Dual Reactive Domain
Model ) >k 5 B+ 358 / FURRH) T AN [ 26 53 %o A B TS )
R BTt R S e ARl R 0 2R, 2 o e ik
T ) T T A HILTON A HIL TS G 1 R et
i, 53 —#B4r /2 Langmuir #8435 B 5E SR AT AL XS
AHLTE G AR Lt R B it 72

0
DRDM ;i:;-’;?jg Ge. 7= Qe L+ e NL= Ko, 1 C. +L1 +bb%_ (3)

HHr: Koo o & DRDM BB e 2 M350 43 1) 43 e 1
B Q0L b A3 HFE R DRDM KA AR AR 2R M3 43 v IR A
WIS 00 R e A B R 45 45 FiE AR 8K

PRI e T = SEORAE 4 TR AR AR B
B% A TE 3 W B SRR AR, FHAK I SYSTAT 43 31l#%
AANEARAY | Freundlich 2 AYF1 DRDM A5 T =54
AR AR LR o TEEARBE N 95% BIARAITT IR
T AR R EAG XA, AR AR 2
o 1, 3,5 - ZSEORTE 58/ DURR Y b W A IR £k
ALUFRE A (1) KPR RA T 3 4 ekt
B S 2, LR C R B 2 7E 0,988 DL L 1
XF HFH TR ) W B S5 R 2 005 AN B 5 (2) Fre-
undlich #3445 T 7E 38/ TORR Y b i W it
SRRk, MEREE A7E0.972 00 F, K1 Fre-
undlich BHYAA BT AT RE o 0 I B AT 2k . /1 2 o
F Freundlich 155 Y 451 75 (1) GZ2 - 35 1% W B 45 Ui 2k
(=0.987) , 7€ =S RN RAL(C. /NF 350 pg -
L-Y) B, I E A A bl . Rk (C.
KF 350 pg - L' B, REGE AT FEMHZER R, X
SR RS L, RIGE TR TS A G
(3) Freundlich 5 B A ¢ JE e PR 09 % 80 n (H 7
0.756 ~0.915 Z[], Uil =S 87 H3 /DT i
W B 2t A 0 — R IR Rt ok B - HRE A Y n
{HTE 0. 648 ~0.935 Z ], Ui =GURTERR A T 1EkE
it P R B Ao R L A A A B B B O B B A
£5%; (4) DRDM ERVA U Mo 4Bl 5 T GZ2 3 s ot
SRR (£2=0.991), X GZ1 Fil GZ3 413l 4 45175
AT Langmuir B8, ANiE G4 HFH UUF A Al
CHL 3 1y iz o 25 28, 35 m] BB A58 1 L2 a5
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T = @A LA BRIMA o 18 3 A DRDM #%
RULE I = EARAE GZ2 3% ERI I AFIRL . =5
FIEHARAE 1 ~30 pg - L' I, DRDM 2RI R 8 1
FRIM A UCE Y, T Langmuir 78732 F2EAY , RIS
FER B AR LA M ARRAE s TEBGR RO CRT 30
peg + L) I, o A Fe s e EEEAY, 1 Langmuir 35
ORISR UCEL 1), DR R o 2o e e B L — S A e I B
fiE o
100 ¢ HFH JURY (n=0. 86T)————>p

622 +HE (n=0.784) v

— — O _p-

w10 E R S

E] ,4?—?‘.(0"’,_—"‘
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1 o Zes
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Figure 1 Sorption isotherm of trichlorobenzene by soil and sediment
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K-=0. 800
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o r2=0. 986
260 .
© .-"" Linear Model
S 40

K, =0, 0654
’ 2=0. 920

0 32)0 6I00 9(I)0 1 ZIOO 1 E;OO
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B2 LM Freundlich BB G = SEE CZ2 37 LRI
EB%
Figure 2 The linear and Freundlich model fits of data for sorption
isotherm of trichlorobenzene by GZ2 soil

100 ¢ Langmuir Fraction
0°=3.282
b=0. 0854

Linear Fraction
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G/pgl™!
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Figure 3 The limiting case of dual reactive domain model fit of data

for sorption of trichlorobenzene by GZ2 soil

2.2 WRBHHLEE

Weber 45 A 18145t 1) = oy 70 S W A5E U TA Oy 1 38
HA LT A A SRR 2 A SR AN Y ST 0 R B e R R A
— ZRAN LM FNAR LA 1 W B S5 7 2H 45 T i, PRI I

JIT W 5% 3] 1) 2 Wb T e B R R R AR PR o Fre-
undlich BRI o {8 K/ S WL B3k AR AR 2P 1Y)
FERE . SEUR AT A 3/ DU n R/ ERA
GZ3> HFH> CHL> GZ2> GZ1, Bl GZ1 130 [
AR AL B R R, I GZ3 ARG, U
GZ1 P SR MEERSA I,

3 o R/ DU AR W = EOR K E C.
16 10.100.1 000 pg « L' B AW 2 HE g0 24 C N
10, 100 wg + L' B, WERFAs K /NE GZ2 > CHL
> HFH > GZ1> GZ3 .7t C.J& 1000 pg - L' B, W%
W 75 & W% 4 75 4k CHL> HFH> GZ2> GZ1>
GZ3. & 1 Won k&L I A Bk & & K/ CHL>
GZ2> HFH> GZ1> GZ3., CHL 3 i A HLik & 8
i, TR S AR D GZ2 R HER HFH BRI
ALK E R ET, B ARSI E T GZ1
M GZ3 T EEMA LIRS ERAL, KPS m AR
o MR SE AT, = SR 1 W i 25 e 32 S ok
T/ B AE RS &, (HS5E7Y&
—EMRR.

[FRETHER T = AR B 5% B8 3 Ae i v b =
LU C.7E 10,1001 000 pg + L= B (W i 25 1
Geo GERFEW],GZ1 - N F1 GZ2 - N FES LU 38 B
WA G B 25 B, CHL — N Fb BT 4 398 14 % B 75 &
/No HETARZHFSE e~ 18) e B 438 vh i) REAEAE— L8 AR
7] 325 3 0 %) 5 e ot (A il D TR | T g
MR R A, I HIAH 3 AR T e T
/D A I B ) O ) A T B0 o SR S P
RPTIEEANR S, AR S ETRIRZ,
i P B — SR ARG A ML, 258 R ik s A
MU ELA BRI RE 7, X 5 2= e f i
iR,

AT A B 98 3R WA BL A 3/ DTRR ) -
IKAR & HP A 43 T AR A0S B A LB B K
TEARSE 19210 0 53 I R 4 A AL %ok I i K
AR E EZAER . BT HEBRRE S H0E
Fe i 3/ TR Z [ AR BT w8, 2 ST L
¥ — AL BL R AL K.

Kc= Ko/ fi (4)
K Ko A VUG R 00 A 53 TE R B £ SR
A B 1) T H 45

2 O T g DU A HLR I — 1k S D
FECK. fH, HR/NEHRA: HFH > GZ2 > CHL >
GZ1 > GZ3, K. M{EZFE SR S v B o A HLJ
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Table 2 Sorption isotherm parameters of , 1, 3,5 — trichlorobenzene for soil /sediment samples
o i
GZ1 GZ2 GZ3 HFH CHL GZ1 -N GZ2 -N GHL - N
LR Ky 0.032 9 0.092 7 0.017 6 0. 085 0.097 0.037 7 0.216 8 0.080 8
(0.000 9)® (0.002 8) (0.000 4) (0.001) (0.002) (0.001 0) (0.014 1) (0.004 6)
r 0.993 0. 990 0.988 0. 960 0.991 0.993 0.982 0.951
Koc 1. 64 2.86 1.56 3.14 1. 85 3.59 8.06 4.99
Freundlich 2% log K -0.884 -0.489 —-1.546 -0.726 -0.598 —-0. 850 -0.189 -0.978
(0.063) (0.065) (0.112) (0. 104) (0.076) (0.054) (0.075) (0.088)
n 0.756 0.784 0.915 0. 867 0. 830 0.778 0.768 0.935
(0.032) (0.032) (0.055) (0. 046) (0.037) (0.027) (0.046) (0.043)
r 0.988 0. 987 0.972 0.983 0.984 0.991 0.976 0.983
DRDM #78! K, , 0 ND® 0.083 0 ND ND ND ND ND ND
(0.006)
Q. 275.253 3.282 126. 607 ND ND 460. 013 ND ND
(51.352) (2.109) (26.780) (10.765)
b 0. 000 126 0. 0854 0. 000 146 ND ND 0. 000 853 ND ND
(0. 000 025) (0.001 8) (0.000 032) (0. 000 002 3)
r 0.992 0.991 0.988 ND ND 0.992 ND ND
N 10 9 9 8 10 10 10 10

T (1) A W2 B o A LR R 85 (2) W ELAREE N 95% T 9 ELAR IX1H] 5 (3) M ASREITAT

M Bt = SRR TR R/, IR EE R 7R HFH JUER
M GZ2 H 8P A YL BA BRI T RE S, CHL,

GZ1., GZ3 TSP AHLHE T, W RE ) R/l
ZEARZ, Grathwohl™ 5 &I AP ICER A
05 i 5 L B E ) S AR S R o I DR 2 S AL
Jo v S RE T v ARy B, A HIL O A 1 Al
K, X BKPEA ML SR FIRE ) dltBess , B 5t
A LT IR RE N . ASBIFFE B HFH TR
Vi GZ2 TR AR Ak R, R E T
ZBIRAIEE RERT, XFE K PEA HLY = SR HAT BRI
FRAEEST, i CHL.GZ1.,GZ3 3 A LR 1R A
PR, SHRZWMIEERER . 3 DRk i
TR IR R K. WM, 1B 3 iR
AN AT SRS A ML T E R B HLTS B 4 0r .

xR3 TE/ABYX1,3,5-ZSFXHWNRMEE ¢.(pg - g")
Table 3 Sorption capacity ( ¢.) at different trichlorobenzene chem-

ical equilibrium concentrations ( C.)

FE i C.=10g L' C=100g-L"" C.=1000g-L""

GZ1 0.74 4.25 24.21

G2 1.97 11.99 72.95

623 0.23 1.92 15.81

HFH 1.38 10. 19 74. 99

CHL 1.71 11.53 77.98
GZI -N 0.85 5.08 30.48
GZ2-N 3.79 22.23 130. 32
CHL - N 0.91 7.80 67.14

3 it

(1) FZRPERIAIFN Freundlich BRI P& T
1, 3, 5 - =FARAE LIE/DURY) b iy Wt S 2, hi
XX A 434 DRDM A58 FH Y A R

(2) =5 AW B2 R/ F2 ke 7 8 /L
WA LB S i, 5 A AT SIS AT HLBCRTR, 84
TERAEMNLR,

(3) T3/ DU P& S OHAEA 7 A
Py BRI 25 b B 22 S DR A LB X — 1k 0 I R AL K
(AR, BB 5T 2 BT BT B T ) RN
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