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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 undetlying 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
soll /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 I, 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
medel 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 to 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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IWHERE S5 K. M K. Z 180 5 & R KL #
ZRBHIEE. mEXEXRBARLE LR, F
RUEEAR. B, miEANEME K. K. 5 S
Z BAMEER T, WA T R HEUE
YRz lE, B, BTSN FEHRENE N m
AT E N T3/ ST A HLTS Y Y R B SCPr
Pzt FRNRAL Ll SEIR /D Ik FENR AL/ L=
R RERME RN T LRSS T
AR, R NARFARE L& B T — R
AP O R T B TR =0 o IR A R R A 2 R
#, Weber f1 Huang'® * 21 =R ER, H+
B/ GLARS) P R B A LTS Y W 4R 43 4 BR LT B
R TCE T A HUE (B it B AR LA
PLIE (BERR )3 MER4Y . AT PRI E T 1 1 4
AYLES A LSRR U AR ER £, B E—
MR, MR RSN R IEL S, |’
WEESTITPMEEEN L EAIRALLHE
Z18, BB FENET A hFEE <. Pignatello S[R3
32t TR I B R, [RJRR DA O 3 P OIS R SR A
SHAVEXN VSRR X EEER,

FRANYEHNLEBILED, fLF TR X
BE, HEPRRETFROEEMBEDAEGEY, FFU
HEBRRPREARES, FRAERAPK, wEEMM
2 K4y B 7E 1970 4EH 1972 4E 2% 1k {# A1 9 DDT K
2, EAHEEEMMEAE L RELEH -2, &
RENM S L. B Rt RKH&EY 24
WHEER -BHIBEEREEARETHREEN
HEZ—, TEREREARETEAESZmEAR
BYYMNTHE . A ESELR, mE S YHEIR
ZrhEi17E R B T K PR, AR A
B SE YRR R B, A S X
ERMENISEY1,3,5 - ZEFEELE/ Ry
B BT, T T 2R/ B A
R LT A S SREGIREZ R KR,

1 REES

1.1 HsR B R

R 3 M LIERES SR B RETHRBEX , 4
5 GZ1, GZ2, GZ3; — I EEs R B EE Chelsea #1X
MLLUSA)RIZ L% %S CHL; ViR SR B %
TRBAIZINA, 45 HFH, RER T /TR YES:
BreEa M9G8 RKTHET 20 HiF&
. BATE &R AN NaOH B IRBA HLE & —FhiR
ARk NaOH BGTRR  FREX + 3R 5 25 g, K
A 300 mL .S, A 250 mL 0. 5 mol + L~ NaOH
BB, BAER S min, FHENEREERREZHE
W% 24 ho BLOMEEE AT A 2000 + min !, 505 20
min 5 , IR, B0 A 250 mL NaOH ¥ , WA B
FE A~ SKEZRRBHANREC NI RELE
AEEFKER4 -5 K, MEHL pHEAET ~8 £ 4,
ARETHREZR.

EENEMEE1,3,5-=9%, FERRIE
EHXTTUWARX, B ZHREMRIKIFEFHNA
WL HEM . 1,3,5 - ZFEMSFER 181 5,5FRE
H536mg L, JEERE9.5C, BEN1.386g-
cm*, EFE - KATEC A KL logKow iy 4. 0209,

1.2 X B¥ER%TE (XRD) 4347

B 1 g BESHMYBRBTEE ST 200 IR, #1T X Bréafit
Bortr. TR ES 3 HAE ¥R D/ Max -
2200 B X BFRATHHY, 1% XRD Bk e Hm +
FEMKETYNESMEE. BT XRD 4 ik
ABRNER, mEERERSITLESSIHTE, BEHR
BrYSRAR—MHEMNEER, A—E+0HR, B
BEM MR &S EREREMRET S
BEHER,

1.3 =Z|ENNE

% [E HP A 7] 1100 B9 A8 i (HPLC)H % 5F

a] AP ES (UVD) I8 =R . AR 2R

®1 IR/ MROERNELLR

Table 1 Basic properties of the experimental soil and sediment

(=37 pH{H BB/ % BWREMR /m? g

FEE/%

RET /% BRA /% BRE /% BEA /%

GZ1
GZ2
GZ3
CHL
HFH
GZ1-N
GZ2-N
CHL -N

4. 38
7.64
4.37
4.26
7.22

2.01
3.24
1.13
5.23
271
1. 05
2.69
3.02

20.04
31.4
22,27
5.29
34.08
16. 34
31.95
5.45

3.35
1.93
1.63

2.54 14.27 1.93 7.64
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%k (ODS K, 5 wm, 2. | mm x 250 mm ), B Zh#HH
K+ B8 URFRE SN 12: 88), Hi#EH 0. 34 mL -
min~', ZEERKMREH S pg - L', {UESECH A 3hilt
HAES, BRI SN TEML, IR
B =E BN
1.4 WRBHALE

BHRIEW: CaClk ¥ E AL 0. 05 mol - L (RIFE
B —EREFRE), 100 mg « L' § NaN, PLi
AT S, NaHCOs (Smg » L) DMERHIER pH
HEE 7. Z=FEESERNAYY, AT B IEXFEL
FH I, 8 F K £ [ Drexel KEMHAEEF
HEEMY: . 7F 10 mL LM PHRR—EWES, R
JEIMA 10 mL 3K EEFEEIM 20 ~5000 pg - L' =5
B, KIaE O LI AL T R E R R
W25 R GBEE 25C)HIRY 3 B Ha &M 3 d Bubk F
SR A2, VAR IR UTRREIR O . 8B S
HMABERE 34, REFRBE EEFH RN E =&
KHWRE R 5 R V&5 BB R H R
WIE (C) ,MRABIERE 2215 8 (o B A IR S 79 W B 45
YRR (q.),

2 ZRMiITiE

2.1 BMERLE

W REREERTZ EBERYEERBHN -1
o, HPaFE T 28R 1) BREFTZHK
AR BE (Adsorption) ; (2) IEHM—MER R 5
—MERBSECEE (Absorption), 7K 4= ks Hy
BARARME - TELR, EREMEET,
SR MA T PR, BRI RE ERRHE ¢ 5
WHERFEWE C ZEIMCER, THRMERSK
FRm. AYUISEYE T8/ FURY SR BHL
HRHUT AR

MR .= Ko C. (1)
A Ko J2 0% B B AT B B 7 R

Freundlich BEE 5 #2: ¢. = Ki C: (2)
KH: Kr A& Freundlich BRI T 55 W% Jf 25 2 F0 0K fff 5
BAXKNER, o BRBERRHFREOIELHEX
Non=1, BEARHDECHFRS: n <1 BIFHIELHER
Bt SE IR K o

TR T E B B A VU RN 47 H R
SR (heterogeneity) 254, XF 454 E 7 Btk R]
DLSY o W% B 4 3R 4R I 2R 1 DL R 3 B IR I LA
Weber and Huang!: ®' $2 4 + 58 / IFURR 49 0 Ff A 4L B

Yy =smon i R, MK 4/ DU R R M
PLIS LR A 5T o AW P EE (domain 1) . EE
R LIEAYVLUE (domain ) FIEREESH HEAEILR
(domainlll) 3 P8R4+, e XM YR EEFLH
TIRAYUT XS A YIS LR B AR BN 3, TR
DIRGE L7 kiR % Tyl b= Z= R IN LA U3
LR, HWX R MR (Dual Reactive Domain
Model) 3f [ Bt + 38 / LR Y o AR 4H 20 %3 A HLI5 ey
IR M SRR R, R AR AT AH R, SR RR S R Bk
TEF T YR ER B VUG XA VL5 44 59 W%
B, 5—%2 R~ Langmuir 35 KB RS H LR
AR IR R TR,

0
DRDM ﬁgﬁ Qe 1= Qe 1+ e L= Kp, 1 C. +—L1 +bb%_ (3)

RH: Ko o & DRDM BELR p L2300 10 40 Bl P8
B Q0. b B3R DRDM BRI bRk 78008 R 7E
R o 0] P o R R o R TR B4 S BE R K
RIEFWE T =FEE T E IR ARERIUS
B8 R SRR, K SYSTAT 43 5l
LAY | Freundlich %1 DRDM ERIHLE5 T =R
BRI MR EBIFERN 95% HW&MT  HEEH
TENMEBPARKREFEXNE, HEERINER?2
1, 1,3,5 - ZFAEETE/TIRY L HKRHSERE
FUTHES: (1) &EERETFHIE T 3 18
rR R R SE R, PR P 7 0.988 LI L, (B
X HFH JERYI A Mt S5 IR LB B AT ; (2) Fre-
undlich B RV HF RO L& 776 L3 /08 Y b AW Bt
LR, XA AFE0.972 00, B 12 Fre-
undlich B G ARERNRMEEZL, B2+2
A Freundlich BRIl 5 H GZ2 T+ EH Rt HF R 2K
(r1=0.987) , £ ZEERWEBAL(C. /NF 350 pg -
L) B, AT EE YRR, ERERE (C
KF 350 peg - L' B, AT EEMEERK, X
SZERMNFRAERE, BEATREKRERERX;
(3) Freundlich B X XHHRER n HE
0.756 ~0.915 Z[a], AA =R HE +E / VIFY L&
TR —E IR, MRS BN
H7E 0. 648 ~0.935 Z (8], B =F|MAEERE HEH
f DR R BT R LR IR 38 E RBUH O R 8 W E
2tk (4) DRDM BRI HHIE T GZ2 13 A R it
e (£ =0.991), X GZ1 F1 GZ3 HIBHBAHR
AR T Langmuir A, A& & #14& HFH JTER Y
CHL +3ZHR MR ZE, X n] E AT B TE S 3L
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B=F XM EHRARMARX, © 3 H DRDM #
RS =FFRE GZ2 I FRERLE. =4
HIEBACHE | ~30 pg - L' B, DRDM FLAI 2R 4
B4 IR EAY, T Langmuir T4 2 F B/, BIKH
BRIAEIERERIBRFE, EESIEE (KT 30
pg + L) 6, RSB 2B T4y, M Langmuir 28
S RRER, B IR o A2 R — 2 R AR R B A
fiE

100 £ HFH JUBA) (n=0.86T)———y
GZ2 t3® (n=0.784) _,,.,v*'; ,

10 _!": - ’09_: -
ﬂ:l‘-"‘-‘ a-9 .-"‘.
_ _4‘_ﬁ' -0‘0’/ _.-—"- e
PR - T GZ1 F3E (n=0.756)

e R
. GZ3 L& (n=0.915)
. CHL 3§ (n=0.830)

10 100 10(;0
G/pgLl ™!
1 ZWEXAETE/ TR EHRMERE

Figure 1 Sorption isotherm of trichlorobenzene by soil and sediment
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100 Freundlich Model
K=0. 800
- 80 F n=0.648

o0 r2=0. 986

. "—-—Linear Model
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#2=0. 920
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Figure 2 The linear and Freundlich model fits of data for sorption

isotherm of trichlorobenzene by GZ2 soil

100 Langmuir Fraction
3 0°=3. 282
b=0. 0854

Linear Fraction
K, 70.083

Lt

10 100 1000
G/pgL™!
B 3 DRDM EBHEG=MEE CZ2 TRENRHFRE
Figure 3 The limiting case of dual reactive domain model fit of data

for sorption of trichlorobenzene by GZ2 soil

2.2 RETELE

Weber 25 A (68 12 H ¥ = ¥ 0 e p B BYTA by 1 38
A VLR AR R A AN, R EERA
— R IO ER M FRIE LA ORI S L4 & T RLHY , BRI

PR R E W EM RS AR R . Fre-
undlich BB H n (H AR/ S IR b i BB AR
BE., TRTHNTE/TIFEYE  EADEEER:
GZ3> HFH> CHL> GZ2> GZ1, B GZ1 T3kt
RN RERS, W 6Z3 HEEK, 1M
GZ1 T P EHELZNEREAIE.

RIGRIFE/ NP EBRBRP=ZEERE C
£ 10,100,1 000 pg * L' BRI MR & ¢o 34 C. N
10. 100 pg * L' B, RIMAERK/NE GZ2> CHL
> HFH> GZ1> GZ3.7f C. 21000 pg - L' &}, 1%
W% B w® & 24 CHL> HFH> GZ2> GZ1>
GZ3, &1 Bk HPE VKT &KX/ E CHL>
GZ2> HFH> GZ1> GZ3, CHL +IEHH M S B8
B, i+ & &R0 GZ2 +3E 1 HFH iy
AR, EEARSIK LT YWRS; GLI
MGZ3 +EMIANR S ERM, MEvTPIRER
Lo MNENHEREE, ZFXNRNEE FEBIL
FrE/ ARYT AR EE, ESHITHERA
—EMEKER,

FETE T =ABERFRE T BERRT=
S HEWRE C.7£10,100.1 000 pg * L' BFAGIR A &
qo BHRFYW,CZI -N M GZ2-N ML TIERA
ERHWRHAR, CHL-N LR+ EHNRNSEE
e BREIBEHIR - R L BRI E—BA
[F] 338 7 B 1 S o (¥ T U R T B
RAREE), FAAANTEPHEREETHRET
LB X R ERY R E TR BB . R R
BEEROUBAHEIRE, HPEVRSETHRES, #
mPEER—EATIRREAIA. SR ERXEH
VURRA KRR S , X §HAMEE U™ KB
HFHRRE—EH,

MIBR SR EZRAINDAE LE/FRY -
KERTHPE LRSS B EYH AR S B K
IEARSE om0 U B R ) R A AT R B K
AV E FEMER. ATHRERAER ANE
e/ TIR Z BRAER A EL, € X TAHN
B — L B RE Ko

K..= Ko/ fo (4)
KA : Ko BE VIR FEIBLRE £ BBAY
R A AU Y LR

22 HHH T /RN AN — 1
A K. WME, HK/MERA: HFH > GZ2 > CHL >
GZ1> GZ3, K.Mm{EREAEMFAMRRAIR
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Table 2 Sorption isotherm parameters of , 1. 3, 5 — trichlorobenzene for soil/ sediment samples
a i
GZ1 GZ2 GZ3 HFH CHL GZ1 -N GZ2-N GHL - N
KHEA K> 0.0329 0.092 7 0.017 6 0. 085 0.097 0.0377 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 B8 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 # 8 Ko.; 0 ND“! 0.083 0ND ND ND ND ND ND
(0. 006)
Qe 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

E:(DARKRE RSB QONBEERIS% THERKE; 3R,

W =R KN, RS R B HFH JUEY
M GZ2 T+ FEHHB YA L KMRMEES, CHL,
GZ1, GZ3 3P A VRN BT, WM HE K/
EXR %, Grathwohl'?! I KB +EAHEH TR E
K& B 5B RREEXRJRRELEA
FEHEAERAPENSBEE, AVUEAHRER
X, XFTHAKER VR FEMEE el 55, HRAR
BARVURRRMEE S B/ ABR A HFH FH
Y GZ2 P AVIRAFEALS RSP, KETER
ZHBREEREER, MEKEAENY =X BEARKN
FFMBE S, T CHL. GZ1.GZ3 +Bh AL M5 1L
BEAR, SAREHORMEERA. 3 MREDGLE
TEUETHARFEKHN K. fE, UL PIRE
AAEBASE PR R FER AL R84E 7,

F3 TH/ARWI1,3,5- ZMENBRMER ¢.(pg-g')
Table 3 Sorption capacity ( g.) at different trichlorobenzene chem-

ical equilibrium concentrations ( C.)

3 it

(1) AL HEIRIA Freundlich BRI B LG T
1,3, 5-=FFETE /TR LN REEEL, W
SLIX {3 4+ fii DRDM BE5SE FTEEIA R .

2) ZEXMNBMAERR/DEEBRT LB /T
B aEE R, SATRBSAVEME LT Y
ERAEHXER,

(3) T/ TR AEVESELHEMEHN.
YERESEHNERRERIKE (LI HREH K.
fIME , B ST BB A AL R B BE T Kb
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