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Investigation of sorption properties for organic pollutants

depending on soil characteristics

Jung Hyun Jung

Department of Applied Geology, Graduate school

Pukyong National University

ABSTRACT

Organic pollutants which are caused from industrial development have
been the serious contamination sources of soil, including groundwater and
air. The sorption-desorption processes on soil play significant part to
govern the transport, degradation, and the fate of organic pollutants in the
soill. In this study, sorptive capacities of benzene, naphthalene, TCE,
1,2-DCB and Lindane with artificial soils and 13 real soils having diverse
physicochemical characteristics were investigated. Typical organic solvents
such as trichloroethylene(TCE), benzene, naphthalene, and
1,2-dichlorobenzene(1,2-DCB), v-1,2,3,4,56 hexachlorocyclohexane(Lindane)
of organochlorinated pesticides were used as sorbates. These organic
pollutants have affinity to organic matter in the soil medium rather than
water and tend to remain in the soil. Thirteen real soils as sorbents were
collected all over country and sorption amount of organic pollutants on
cach soils were expressed as linear sorption coefficient(Ky), Freundlich
sorption  coefficient(Ky), and sorption constant(1/n), which were obtained
by fitting the Freundlich isotherm and linear isotherm.

The sorption of TCE, benzene, naphthalene, and Lindane on artificial



soil having different clay type, clay content and organic matter content
was studied and sorption amount of organic pollutant increased as
increasing clay content and organic matter. Especially 98% of organic
pollutants’ initial concentration was adsorbed on organic matter. As a
results of Lindane sorbed on 13 soils, the value of Ky ranged from 3.18 to
33.06, Ki was 965 to 7468, and value of 1/n was 054 to 0.93. Sorption
coefficients of 1,2-DCB were lower than Lindane, Kq of 1,2-DCB was 1.84
to 11.18, Ky was 208 to 32.00, and 1/n was 0.72 to 1.21. It means Lindane
would be strongly adsorbed in soil medium, as a result of having more
hydrophobic property than 1,2-DCB. Soil-4, which contains the highest
organic carbon content, shows the biggest coefficient values of Lindane
and 1,2-DCB, so we could consider that the organic carbon content is one
of the most important factor affecting on the sorption capacities of

organic pollutants on soil medium.



vEER Wass Aste A% A BRow 7] g8 9 5% 4}
B0 SobstaA Ashret 2 el fdEE #7] SEE ¢ Fde] Fa
23 eddol H1 Ak U IS FHA FROYY 7 AR
B3 5& Ao wFae wal 4252 A8 £F ¢ GE(BTEX, TPH)o
Ed Wz rEH1 e, v 3% F712 $919 4%4(DDT, BHC,
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EFREd FYE 7] LdEL 3L B 7] Foz o)At &
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B3 S ATAFe FU9E 58 £33 EY FHo B o
= vlwA el AT ot FrledEd Eokite] FamAe] #3h
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OI. 54 29

1 Ed 29 A9 2 444

BHedE 4, W7, 2dn Egegoz BEuw B d(soil
contamination)ol @ Akl AAZ AAG FFEo] el HYH= A
oA fs P78 rzMe EYol 71%E A4RE NS HHHHAWS
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SHE W 9, 1999).
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A9 24 i 94 9 pele] Wy RFo I H7Mol B 7

A3 gle Aol

2. EF A8 EAA

skt =AIStE ARAAE Fasti= diwe Zubmel T =stzm <)l
A FA A2 lE Fok) AgEe A%Hor Zrksla Y Aot}
(Fig. . metM EFE #2822 Ydsted A58 oz &
At gl FYE wolEold Hu Axd wore 3
of o3 FAoR olFa R S Axd g
AU P o Waleh et RaE gae
Sde] FAle] AtAEA 2] 2000).

Foe AR H wet AFA, AaA, 29 AxAZ B EY gy
S H A AAen AFAL AlgFo] Foke] & u|ES AR F}, AEA
T OAREEAY A EARoR kA He] setH o g MEsH T A
= R AAES JAEd, §714947 2% Al (organochlorinated
insecticide) = -3 A3 AP} Yabv|, WS AF, 1alx speyel
DA AFA, 1Fe] hHE e G4 S dYH 2Fe AR ns
T AGE Fdez AFA FAM AMgEe) FZsP o 1960 e &
194 seke]l B i BFAQ A dFd7] AFedch uohel A
A FGaA Fob RESE H¥ste 159 Fo 2AIE A3 DDTA
16%, BHCZF 7.5%(°1% Y¥-BHC 6%, of-BHC7} 27t 36%), chlordan®]
16% AFsE Aow Rusoj(FdE o}, 2000), §7)F4A ket Abg
R AR FASAT aEg Syt Ais 298 A EY Ahgo] A2
ab stew el Axe Fofo] B Fo] AHHo 23 e@de] Hug

] a1

FALDaA ool ol@ B o) Arbadel o % 27w Aok

2 FA5o] AR
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Fig. 1. Comparison of amount used pesticide and
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EF A9l F2 A (sorption process) e 8329 ol% T zBof u
T F FEFE MAE T2 Aoz 1980 Tl o)2d] B9 A
, olE, AMF, aeln BESA Red HygHes A%
& F= %ﬁ% A2 d4H we A7t g AyHgm Qo
(Pignatello, 1989). A&tA < F2 /gL ggEe o2 k= 2x7t 13
P2 #H(surface) T A (interface) Atolel] Huj=E w) Qojuts= A
o2 AejE(Adams, 1973), Fig. 2914 E%84dd U89 $7)31&80)
EFd Al FAHEAY L8 du2 FAF g AEe ndFE gad
7R B A FFE Aol vgto] ot v QB 23 Hay,
N7l Fozme Fw aeln 2 HE7ige] A S dA s 97
el e A @ SFEANGE EY WelAe oE&wst gilx] A
ot mEA FaEd §182s 7)dold o A o] %A B
A w3 ERFHA Wl FstA e

FHNSo Fdsts FU1aEEe] o) 2 RaE FAE(sorbate), 7
FFEl FHAHE F2E AT EF YA FZA(sorbent)E A 9 5
H, ol F2Ae BW 2 R FEAHE #He: wHzws 3
(van der Waalls’ force)® =242} A& 9-2(dipole-dipole interaction)
ol #h-&3tHWestfall, 1987). FA4& Folalx) &= wiaA f71d3ze =
Al Y itz wdEds Y5 Bt Bys F&o] HAY, B
G AAet ol2st @ FANFE DA HAA} o] Fate] o] 2o o A H
FEAgel Aol A%t e AEe) o A% ¥ A Asw

O2 AZAT. o9} o] B F fUlagEe AL §vgYgEe =
R EYe S4L xdete V% 5o a9ld gk
SE A5 #HEe BEfHon T g g mAk(HRE 9

2000).
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o & Photolysis
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Roo ! —————- k/c
. Apr— !
Dissolved molecules Desorption @

Sorbed molecules

Dissolved species behave differently than sorbed species.

Fig. 2. Schematics of dissolved and sorbed molecules in soil

(Philip M. et al., 1993).



4. F& 524 (sorption isotherm)

FAwgol UPPol wet BF Aol FHE oL T Bz Sgoy
22 gasol F43 G5 ol YAT A} HB, FAYD E)
A Apelol A FAEel el Pol o £k UHH LxolN oFold F
Fgdaele A BRECQug/LIt EY 0 §2
g/Kglel 2o} BAE A¥H How te o adzstd Aol Fi
Fe e,

o
it
aph

N
4
o
1
=

Ce =Ky Co v Linear isotherm
Cs = K¢ - Cwl/n ************ Freundlich isotherm

AE FAF2Hinear isotherm)2 #7190 d29 F&8d =% (C, pg/L)st
Egel FHAHE FAFEC ug/Kg7t d¥H o Fobste A4S ool
W, F3 %2 FFu A S (partition coefficient, Ko)& WEFATE 22y 54

g7l HAdE A BA A9, Freundlich isotherm& o}
83t Freundlich ¢ (Freundlich constant, K& ## 3¢ Jehyy, &3
FT 1/nE FHEY FASLE dehly 2 gl wel B 2o mop
= 2kl tHFig. 3)

i
off
K1
L
e
_PTJ,

1n>1

1in=1

Cs (ugKg)

1n <1

Cwugl)
Fig. 3. Sorption isotherm type.
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m. 2d &

1. 33 &4

FAMALEA AHEE FEHAE AFESY HAEYo|W FIFESO
benzene, naphthalene, trichloroethylene(TCE), 1,2-dichlorobenzene
(12-DCB), 28] 31 1,2,34,56, hexachlorocyclohexane(Lindane)°) th(Table 1).
AFAEE US Silica Company?] Ottawa sand, Ca montmorillonite,
Na-montmorillonite$}  #-& C&SAl  3+3  @Adek(activated carbon
powder)o|th. HAE %L Fig. 49 2ol 7/ AHelA AP £ 1349 =,
Wl FtEYelH, 7 Eoke] mebe Table 33 #rl EHEL Aol L
TR 2t de 2ol TCE, s %Az AM4EE  benzene,
naphthalene, T2]3 w4 AAF st HYdz E% W AFHo| =o} &
N1gaA ZFAE AMEEE 1,2-DCBS Lindaned A =39th. Lindane]
ot & 1, 2, 3, 4, 5, 6-hexachlorocyclohexanee] ™ 4 zAd wa} €A
of Aste Faot A2 AAH Wit G2 o By, -HCH o)A 24 2
M Lindane(v-HCH)9| 54lo] 714 Aty 4] 9], 1998). % & §73+%
=9 FHE {13 E TH 2 EY9 548 ¥35te o 890 A%
wdso] BfHor ojFojic mety B AdAME F73gEn =9
o) Eelstehy SAel & FHYES APsy] ds ATEYAEL §7
ﬂﬂs—l Eﬁli}ﬁ}* ‘—3""3% %S &xaetd HA I (Table 2, 5), %7

_11..



Table 1. The kinds of sorbents and sorbates

Sorbents Sorbates
Ottawa sand Benzene
Artificial Ca-montmorillonite Naphthalene
sl Na-montmorillonite TCE
Activated carbon powder 1,2~-DCB
Real soil 13 soil samples Lindane

Table 2. Properties of artificial soils used as sorbents

CEC (mol/Kg) Surface area (m%/g)

Activated carbon powder >1100
Ca-montmorillonite 84.4 83.79
Na-montmorillonite 76.4 31.82

,‘!2_



Fig. 4. Sampling sites for soils.

Table 3. Location of sampling site in this study

Sample No.

soil -1
soil-2,3,4

soil-5
soil-6,7

s0i1-8,9,10

soil-11,12

soil 13

Location
Taeback
Kyoungju
Busan
Hadong
Kosung
Daejeon

Seohae

Country rock
Granitic gn(;iss
Diorite
Contaminated soil

Porphyroblastic granite

gneiss
Sindong formation

Two mica granite

Reclamation soil

,13_



1-1. 44 EF A5 223193 54 54

HA EY Alme EHsdy 5A4& dotrr] 91§t EA(Table 4), #
BT, FiolsE, WEWFY, Fo]2udEA(Table 5), YihzAEY
(Table 6)& 48Ut Z4E 2 da)s d30 2on Fig. 5= 24 5
AE 471718 253 9l

AW

1 1-1. £4 (soil texture)

AAE BFEel BE D) A YEFAL shdTh EFAns @R
ol glod fifEo] §71ES #FRsln Qo 20%-30%9] FHabsy
2H08M 02 7718 AA AH=HE A 2 BEgAsE #2003
THste] #2000 Fe A G Adxdte] AFA(dry-sieving) & 9T,

B ANEE W)WY (pipeting)E FSTh AAEA A AR} SHEA 2

o of
SA HhRAHE S, 199%). AL S o4 FEARpE ewe -
=9 WH(Stoke's law)S wED] AA4AAH AHEE ve) BAE
ol e,

v =g (psp)X’ /(18D e (4-1)

Hell et FALEE Yxiet AAatole] WE 2 (psp)d YA A9
AF X 2 FeglemssecHol H@sts A9 HE nojl whe et}
HEevdAZ23e 2d(sand), HE(il), HE(clay)?) 32 Table 29 o+
Efiglon, dro) dtare 539902 tjefst B¥ 2wy}
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Table 4. Particle-size distribution of soils

sand (%) silt (%) clay (%)
soil - 1 33.48 11.44 5.09
soil - 2 67.33 22.65 10.01
soil - 3 31.27 49.29 19.44
soil - 4 42.80 3892 18.28
soil - 5 80.65 14.28 5.07
soil - 6 58.17 28.74 13.10
soil - 7 58.39 32.93 868
soill - 8 8.38 52.41 39.21
soil - 9 34.26 40.58 20.17
soil 10 2226 40.06 37.68
soil - 11 66.14 26.76 7.10
soil - 12 69.56 19.23 11.21
soil - 13 65.96 24.04 10.00

*15,



1-1-2. 7] &4 (organic carbon)

EFY #7182 FR2C H O N, S, P 08 450 glon & &
Hadd SAL 9oz A A ANES dx Eudtd CHN Q43A
7I(Thermo  Finnigan Flash EA 1112)8 AHzsidch Srlgasiae
0.099-1.820% 7}A] vii-g- chFslA EE3c)

X

1-1-3. ¥4 9] 2 ¥ X (pH)

el pH £F /7183829 F3o) A8 F= Axony gurdo=
Ed pH7t ¥E58 E3e) & b o dejxd gou, §75 a2
=935 54 wet o 9dge dE ez dd J(HA s,
2000). ¥ Aol 489 EYAEY pHE 9949 T pH 24 WS M
st (R34, 1996), D=EFAN G TFFE 50ml BAN 1 :5 vjgz &
g3 F F Ao] HHo| o] & Fefel A pH meter(Istek Company)2 =7 &}
Atk Alge] pH ghe 4 - 75 o WE vElY 2t o] ofapade)
& e AT

1-1-4. Foj 2859 (cation exchange capacity)

EE W HEREE AR U YA guie] (1A} m Hu =

gohol EAdte doleg FAIAY wBsts He 2 AT Wby B
o FolEMFFAL Fgoyel Ty FrlaFEC) EAT 4L, FHel

F& T AR 44EHAGE, 2000, 2 Agol AHEE mgAme o
lENRTURAE R Ee) ofzsiden 2yt zoe o)

%% IN ammonium acetate® ©] €389 ammonium jon . 2 21gks) W ok

,16_



rlr
S
o
)

& E%o A&Ho] Eoi7t ammonium iongd A8

1-1-5. M| WA (surface area)

E¢ W 4EdGe] 37185 S B NE gF vFEAH @) F713H
Al Ao E5% {F718EE] F348 F4% AAA Hnz FF4ug
VIFE T dA2 AL A EAY 24 P aA 5 F3
AE ol W SRR FHE &5 wyol glon
(Carter,1986), & <X e T2 FF4EL o fagdet. & Faye
Langmuir o] 2 o3 A4 ¢fgoz g AAa7)A7 EY A7) &3
HAM F2d a7 A8zt £8 BET £#%4%24(S. Brunaver, P. H.
Emmett, E. Teller, 1938) Al4tA o2 md & A4sio)

11-6. 4% ¥4
Ede] FAEE 4 da9 A4 2 A4FEMS ¥ 5 g

SHIMADZUAe]  XRF-17007]F 2.8  X-M &322 4(fluorescent X-ray
analysis)—% FAdstn o 538458 st BAzALe A9t
40kV, A 95mAel AgES Table 63 zu},

_17_



Table 5. Properties of real soils used as sorbents

pH CEC Surface area Organic

(1:5) (mol/Kg) (m%g) carbon (%)
soil - 1 5.8 8.4 2.6 0.773
soil - 2 3.9 49 59 0.179
soil — 3 7.2 9.3 6.7 0.695
soil - 4 6.8 135 4.4 1.820
soil - 5 7.7 35 1.9 0.448
soil - 6 6.2 6.6 6.0 0.592
soil ~ 7 5.0 6.4 34 0.553
soil - 8 5.2 12.8 175 1.117
soil — 9 7.1 116 109 0.519
soil - 10 4.8 14.0 19.9 0.099
soil - 11 1.8 5.4 39 0.286
soil - 12 6.9 6.0 34 0.243
soil - 13 7.7 4.1 24 0.410




Table 6. Minerals in the < 2um Fraction of soils by X-ray

soil

soil

soil

soil

501l

s0il

soil

soil

sotl

soil

soil

soil

50il

- 10

- 11

12

Si0s
65.17 |
67.78
68.85
61.26
77.96
68.07
76.53
77.44
69.46
70.51
61.06

61.44

57.84

Al:Os

16.10
14.83

13.47
13.73
11.36
15.20
12.41
7.93

17.49
15.60
16.33

17.48

17.84

Fe20
5.60
3.69
4.89
0.42
1.99
4.44
2.76
2.08
2.23
2.43
7.28

6.73

6.91

K20

3.49

3.48

2.48

1.96

3.94

3.93

3.64

2.69

3.62

3.24

2.50

2.37

1.92

_19_



(A) Pipeting facility

(C) Surface area facility (D) pH meter.

Fig. 5. Various facility to examine for soil properties.
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2-1. 7] 3{E =393 54

T Al FAEE ddd F7] S3HEL WIS datras) dag ¢
47172 olFod = ¥ S (non-polan&FE o)t 713889 =23
A B mE Ex% A0, a8l S Aol EF W #713%E
of LA, Bl L FHA BAV dornz(Fdse, 2000, MY F3
=2 =25 SA(Table 72 BA+xFig. 6)F ERNAT(John,

1990).

Table 7. Properties of organic compounds used as sorbates

Benzene  Naphthalene TCE 1,2-DCB Lindane

molecular
. 78.11 128.17 131.39 147 290.83
weight (g)
ter solubilit
water solubility 30 1100 150 75
(ppm at 25C)
Log Kow 2.1 34 25 34 3.7

henry’s constant .y 6 ) . 7
3 54 x 10° 46 x 10 91 x 107 19 x 107 48 x 10
(atm + m’/mol)

._21;



Benzene Naphthalene

C—C

TCE

C
Cl

Cl Ci
Cl

cl Cl
1,2-DCB 1

Lindane

Fig. 6. Molecular Structure of organic compounds.
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2. 2% 9y

2-1. A3 ANs FF A 49

AFTAEE FFAZ WA A% (batch test)E ATt AA FFEo] H
ol Ed3le AHE SAT 3 AEFES] FFe §F F71E L 1
gl FaEe sro mE FTAF ¥g G4 HEE 9tk As Wl &
Shekof] 9] GEkS A4St I BE AJlEe LBA Axd A=
Wheaton vialA}€] 40ml teflon capped glass vialS AF&3gTh vix] 4
20T rollerol A 140rpm x 12hr or 24hr 22 FAWHE A F A4 &g
4000rpm x 20min 2 A&d S B3t (Fig. 7). 942 Al FReEe 2
ol (colloid)® E&H F24E 93 00IM CaCleg H7tet e Fad
Apzole] FI-i= GC(gas chromatography)® A4l TRHHARE F
371 913l Ca-montmorillonite 60%2t Ottawa sand 40%9 &3 -& 24
Lindane 200ppb F2E& 4o AwstdAs AR AlRE AFHs AT 3
EFEe FTHA = wAHdELE 2 1 WY HEHE
Ca-montmorillonite, Na-montmorillonite2 A#atgd o, AEZE o] ¢akd
AEE Ottawa sand®l 0% - 60%717 d89d HEZES P2 £
Avk Ad A FriES A £ Qe odAd gAY g o
HAdE Ottawa sandell &4d5e] §3S wslsie] Agsldnt. 2& j—f—‘}“ﬂ
AAEE 10g9 FAACl 40ml F2ES ST 10 4 ¥E A FASH L
FAE ERulAAE e BARE S paphthalene, TCE, 28 11 Lindanes ﬁ'@]
gtR e Faida fHEdel 4% TCES &4 <) Lindaned v|aste]

! &

o]
ol S4e e FREe cholusit
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(A) (B)

(C)

Fig. 7. Experiment for sorption batch using

Ca—montmorillonite and Ottawa sand.
(A) Shaking of sorption vials
(B) Centrifuge for separation

(C) Sample preparation for GC analysis.
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2-2. A8 EF As FF ax 49

A EdstgelMe TCE, 1,2-DCB, el Lindane §%442 d¥s}
Ak A= T Aol = w gelm FHESS A AZ(oven-dry)
A7 o BE YoeE5E e YAER 4o H0ME FHAA A Al
& %, ZobaE vd"o] dof aE7 AL R st wAAgL <
FA ES 2 vbhioln] BE%AlEd §7335 S TCE, benzene, 1,2-DCB,
Lindane +& % %% W3 g F4& ¥4t Lindaned 10g8 E%
o 40ml= 1 : 42] v]& 12-DCB%} benzene 2g9 E % 20mliE &%
110 v2 A3
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3. FAEE BH P

EAMAAy F AZAe) X (GC(gas chromatography, Hewlett
packard 6890)Z ¥A3H, 7t {718 Ee S mE GC #HzBL
Table 63 #vb. 344 F713¢E TCE, benzene, 2#lil naphthalenet::
Purge & trapo & A 8E 7|433 §F GCE 43T, A5 (henry’s
constant)gte] 10 "atm - m”/mol °]4te]® 3 eko] Fg& o]F wIYFo] Hv
10 ol o] W Fpdte]l wi$- WA delyi= AL 9ud@d. TCE,
benzene, naphthalene 3@ “5gte] 10702 FHwge] Fa o5 Wy
Zog ALsln g purge & trapg AHEGS FMTE Ao tml YL
F3gE FEAL dr2 10% E< purgeH o] trapel 74 E F3
T}, trap®] 250CE +& 3t¥A 7I1FAIEE E8A1AH GC manual®
tHFig. 8). FY€ ®7] FFEL Supelcorld] A sH§FE
VOC-Column(30m x 530um x 3um)& ©|§shdA 2 5o EXolL3
7}(Flame lonization Detector)oll €13} #HZ "t}

AAEHAZ7)e 24 92F, Cl, Br, DE 7t 3hgtEl o3 d94
S 7HA A Q7] dEed, F71EaA Fo%Y &4 A GCY AEVI= dAX
7% 7 (micro-eletron capture detector, ;-ECD)Z Aestgon GC 43
2 supeleortd] EoFRAl A& DB-608 column(30m x 530Mm x 53um)& A}
Bt

b 5213858 BAd mgE GC BAZAE Table 89l HAIEIH 2,
GC #41 Al 3¥le) BrENFHo 2 FMof ffdh A S Eol, &4 HAH=
r'ghol 098 o]4 HEE A5 HelsE HolW taling A4S 1%1743}04 &
#4e =do AES FU1EHE 2l e R1EEEY %

9] zol® FaFE o AaEy o

o N
i

op

=
A
=
A

=
=

Jot

olf

_26_



Table 8. Method of analysis for organic compounds

Naphthalene 1,2-DCB
TCE )
& Benzene & Lindane
purge for 10min — desorb at 250T
Purge & Trap Not use

— baking for 5min at 300T

Injection

Carrier gas

Oven

Column type

Detector

Manual 250T Manual 2507

N N2 60 ml/min

70°C (5C/min)
100C (10C/min} — 120°C (40°C/min)

— 200C - 200T
vOC VOC
FID, 270C n-ECD, 300C

Splitless 250T

N2 30 ml/min

80T (15C/min)
— 180T (40C/min)
— 250TC

DB-608

u-ECD, 300C
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Purga & Trap

!
|
!

Fig. 8. Gas Chromatography and Purge & Trap.
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V. 23 43
1. A& A=z FF vz 43

1-1. 8 38 =g A3

EFdAsh fIIEFRY FANSS AN Moz AYAW, FH3
Saukgel Wao] olze FAEE vxel Wil doliba i FAYY
)

).
’U OH,

rlo

of =gslA dav. welM F 3wy FAErgo) B el A FF
Fe 7ol Ader WA FF HY 9 Al File AYe starh
Ca-montmorillonite 6022} Ottawa sand 409%<] &z Ale] 200ppb Lindane
F2EE Aol WAIFIHAM AR AFd R E EASHY. A7)
2 Lindaned F&%S 2008 7tA = 3248 Z71stdst 2008 o) A7
FHE FAE wErl dAsA Hol Hyd =2EE 4 4 dAHFig. 9).
FARE o] 1243 ofdjol] HEe] mEdE HolFOoRMN o]F 9 KE w3
A ubS AR 12M7F wmE 24A 7R s Th lFA R B4
agle] W w2 FRFAIAA: vhEI dol vEsiHon,
o Wizt +71stg=2 FHEMA TS Table 99 £

1]

ot

Eoi

o
rfl
2

An
oL

g
o e
2%

E A

N
—-—
r O

.
A

[
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Table 9. Sorption partition coefficient depend on sorbent and sorbate

Sorbent Sorbate Ka
Benzene 05
Naphthalene 0.1
Ottawa sand TCE 0.16
14-DCB 0.15
Lindane 0.3
Naphthalene 0.48
Na-montmonllonite
TCE 05
Naphthalene 0.45
TCE 1
Ca-montmorillonite
1,4-DCB 0.5
Lindane 0.79
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Amount adsorbed (pg/Kg)

120

90

60

30

0 300 600 900 1200 1500

Time (min)

Fig. 9. Result of equilibrium time for Lindane sorption

mechanism in 60% Ca-montmoriilonite and 40% Ottawa sand.



1-2. AEJEYG T7 2 &F

2 F73FE FH2 54 2d8telA Ede] 5A wel g2
2, fr1sgEe] &Y 94FgS F EYUAE HEFE FH 2
S W3 A AY A Fig. 102 A E3E Ca-montmorillonited] 3&
0%, 20%, 40% Z7}go} whe}l 200ppb Lindane®] &3tae] Aoz 37}
gttt 60%2 FEF#FNAM Lindane 271559 17% F2A#S FAsiy HY
Aol ol=Rioh wetx HEFES o] FVMEel wet Lindaned! &%
Fe F7kshu 40%0]14He) HET RN A+ Lindane F&o o o4 9
TA e AE ¢ F ANt FEAXEY FTHA w2 wxdge
Ca-montmorillonite2} Na-montmorillonite &2HE-S 100ppb TCE & 24 o)
AN ZHFig. 1), 7 7HA AER =9 TFF7re 34 TCEY FAF:
F7hstd o, e JEFHEFe] 40%Y W9 Na-montmorillonitee] <]
TCEY Z7|5%9 FTFFL 15%% Ao v]lwsled Ca-montmorillonitedl] ¢}
g TCES Z7|%% FAFE 17%2 20%014e HedEstako) =
Ca-montmorillonite®] F2t5¢] ¢A8Ath ©)2 2 montmorillonite7} 2
21 B3AH AERE A Sl EAEt e Cast Na2 o2 7]
oF FAske] Aoz Ca¥l o279 d3dt7b7h 223, AlEAA Y ol 2w d
THE AANRR §718%249 3 F3A o] AT Ao Algdn 2

P

2

I

448 F5he Lindaned TCES &3#e B¢ W) AERE FHakol
Ngrs FRHFE Fhsel ARREA @ e v

Ao}t 40% HEFEC EF2HE Lindaned] FEHE g §
17%, TCEY= 15 - 17%<o® §7)3tgdE9 Z 3t dAEd

oF: Aoz e,

(o
e
o
o2
rlo
W
N
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Ca-montmorillenite (%)
Fig. 10. Sorption result of 200ppb Lindane with
the increase of Ca-montmorillonite content.
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5 5 —a— Ca-montmorillonite in 100ppb TCE}
—o— Na-montmorillonite in 100ppb TCE
0
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Fig. 11. Somption results of 100ppb TCE with the increase

of Ca-montmorillonite and Na-montmorillonite content.
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1-3. #71% 3% (organic matter)

B Ul #7188 5] §3d 7tE 2 %S vAE A EYY /Y
& ghgolth(Mansour, 1993). 53] f718§Ee] vl5A(nonpolar)d ¢
49 FEYY Bt v 54 EYY FriEd EAstes ddo] FEe
2 f7E ¥ FAIEL v Fasith frIEEReY e FA9Y
elat= A A3 200ppb Lindane & &E 3 Ottawa sandd] 4TS 0%,
0.01%, 0.025%, 0.05%, 0.1% staFd = FRAH-E ok Fig 129 el
Az o]l 001%e 71 &3 ZoA Lindane #7559 99.7%7F F349 £
38y duo =dstEch
Fig. 13& 0%°lA 3%74 @4dd d3& F7kste] 100ppb TCES
naphthaleneZ &2 A|71 A#eo|t}h 0.05% F71&EFFANAM TCEE 27|
o] 87%, naphthalenev 0.1% F7]E@ ol 2715 %9 84,67} fz}&];{iu}
2 a2y e BEF U vEe] frlEe] EAFE AL Rl Ee &
& f71Eed o8 #9-HeE AE 4 F e, f71Ed f# Lindane
zeko) 997% % TCE, naphthaleneo] B3l =& AL Lindaned Ao
T, 9 gade B Add A EddAd S0 vS & H
wolebit Abg ¥

e

2
Gl

A

e fo e

-

L

7

s}
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Amount adsorbed (ug/Kg)

Amount adsorbed (%)

1000

800

600

400

200
—a- 200ppb Lindane

0 0.01 0.025 0.05 0.1

Activated carbon powder (%)

Fig. 12. Sorption result of 200ppb Lindane

with the tncrease of organic matter content.

400
300
200
100 : —o—100ppb Naphthalene |
| |
—e—100ppb TCE !
0
0 0.05 0.5 1

Activated carbon powder (%)

Fig. 13. Sorption results of 100ppb naphthalene and

TCE with the increase of organic matter content.
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1-4. & 524 (sorption isotherm curve)

23] FHEHE F718EEY FHLEL AFYA SAS &4 F
ooz gk B Ao {7|85EY FERGEE deotrr] Aty
80% Ottawa sand$t 20% Ca-montmorilloniteE &3%3§ &2 Aol Lindane
4898 10ppb, 50ppb, 100ppb, 200ppb, 400ppb, 800ppb F=¥ = F Al 3|
A8 e 9t AAgS linear isotherm curve$t Freundlich isotherm curve
o fitting ¥ A%, Fig. 14A)lAst Zo] Freundlich 4o o ¥xd= F
A28 BozM FFHUAL Lindane 7] 89 =7 w¢s o, F
zhegpo] & N AFYS & F AU Fig. 14(B)+= 80% Ottawa sandell 20%
Ca-montmorillonite$} Na-montmorillonite$ 77} 4 & & A TCE +4&
ol-g 50ppb. 100ppb, 150ppb, 200ppb, 250ppb F:=d 2 HH T Fds}eo|n,
TCES] & #9944 % Freundlich isothermel] O 428 $4& HoFAT
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Amount adsorbed {ug/Kg)

Amount adsorbed (ug/Kg)

1000
100
=
10 m  20% Ca-montmorillonite '
—-—-- Freundlich isotherm
—— Linear Fit
1
10 100 1000
Lindane aqueous equilibrium con. (ug/L)
(A)
1000
.
&

100

_,-/ | ] 20%Ca-rnontrnorillonhe!

v o 20%Na-montmorilionite |

2 Linear Fit
—-—--Freundiich At
10
10 100 1000

TCE aqueous solution con. (pg/L)

(B)
Fig. 14. Comparison of linear and Freundlich isotherm
fitting for {A) Lindane sorption and (B) TCE sorption

in 20% Ca-montmorillonite and 80% Ottawa sand.
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2. 44 B Alw FF ALY

2A BEGABAMY fFr1sE SRR AdFA RS 4948 EdE o
&3 E75ety SAE MAe AA ES AEQ frIsEY 25 2 5
Aol 48 FHSAHE THT FAYFHI

B2 53ty EAe] 2AE = @ agln FTIEYd ke ded §7)
3t#E TCE, benzene® 71944 %A Lindane, 12-DCBY &4 &
e S7HAA FRMAAESE it 137 EYAIE 98 Fig. 15(A)%
Lindane =& #% 10 - 800ppb, Fig. 15(B)x 1,2-DCB & % 100
- 2500ppb FE=H A g F2EE log scalel A Freundlich isotherm 2. &
fitting & curve® WehRRAch dwtd o g FARWASFI £& A EY
ol Fr1sgEY FEAFe] &S vy, FRrE BEY Fo §3d
T8 Ee] S F8 HA oo 2dA(linearity)?] HEE UER
th. Table 102 Freundlich isothermo.2%¥ 7% 1374 E%4z
Lindaned 9 A5(Kp), F343(1/n)9 linear isotherm .2 doz F-uj Al
(K E vl wste] ebd gte 2, Freundlich BHlAlS go] diAlE =&
&S el Y Freundlich isothermel 4 A2 1/ny= 0.8 W Z, o] AL
I/mel gtel 1¥0 A9 HEgake e o] A1, I/n9g gho]l 124
oW Fr|EsEke wet F3o] FH 9" rh(Yoshiro Hata, 1980)= o] &9
<A 2 W, Lindane® &3 B F F7IEFH AT Aoz 4
zhgtd, mpedA Lindane®] &3l E4e] {718 Fad 4% A4 44,
Linear isotherm® Zwj7l+& #7|gAgEFoz o] Ke F34T2Z Y
B 4= gl

Ko = (Ky / organic carbon %) x 100 - (4-2)

Kool B3 ele] 789 o A frlesd F4d9 42 el &



7gha ol 0.1%0ld 94 o HELHHTindal). Kee &2 EG T /713
e oleAdE YelY, gto]l F54F o5l wo, ofAL EF {7
thaet A3 Faddga ok Ul EAlste AE on@thHMcCall et al,
1980). McCall?] Koo #FHol 23tH Ko7t 50000]deld Ed FolA #7]
stgbEo] o|F3skAl @om, 2000 - 5000 WA= HVISIHEY EY F oF
dol R e @t 7 E¢el did Lindane® Ko 2000 W22 o]
Ao A=z dokot soil-102 6500 a5 2o} Lindaneo] gt &3 ol
e 23 vias 2 o 458 FEes o 5 dd 137 AAES o
3 12-DCB2l EFaEuiAlFe E23444E Table 110 Yepgih dAES
o dgt FrIdaA wFERE FAUS vlisd ¥ ), Lindaned ®|3to
1,2-DCB2l &2 alAF7F A 50%71A] vrol & ao] @ E S HAFAYL
o, Ko 769 W 200-250002 B FToAe o|A4E o & vehy
Ak 1/n @42 07 - 1.2% Lindaneoll vlsle] v AFHAE7E tpdstAl # X3
At
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Amount adsorbed (pg/Kg)

Amount adsorbed (pg/Kg)
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X soH-1
Osoil-2
A s50il-3
X soil-4
o s50il-5
& s0il-6
+soil-7
a soil-8
x 5oH-9
& s0il-11
Osoil-12
0 soil-13

1000

T *X + > @ X O W

- —soil-1
sail-2

-—sail-3

- — soil-4

- —soil-5
soil-8
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-~s0i-10

- —soil-11
soil-12

-—soil-13

10

100 1000 10000

1,2-DCB aqueous solution con. (pg/l)

(B)
Fig. 15. Freundlich 1sotherm for

(A) Lindane in soils. (B) 1,2-DCB on sotls.
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Table 10. Comparison Linear sorption

sorption coefficient for Lindane on soils

coefficient and Freundlich

Freundlich isotherm Linear isotherm

K 1/n r Ka r’ Koc
soil - 1 17.26 0.83 0.999 6.4 0.966 828
soil ~ 2 9.65 0.82 0.996 345 0975 1927
soil - 3 28.03 0.86 0.999 13.7 0.985 1970
soil - 4 74.68 0.81 0.999 33.06 0.98 1817
soil - b 28.14 0.93 0999 19.94 0.996 4449
soill - 6 24.40 0.85 1.000 11.48 0.989 1939
soil - 7 18.25 0.80 0.999 5.99 0.966 1084
soil - 8 1251 081 0.998 4.11 0.975 368
soil - 9 23.48 0.80 (.998 737 0.950 1420
soil - 10 0.45 0.54 0.999 6.44 0.706 6504
soill - 11 10.75 0.79 0.990 3.18 0.982 1112
soil - 12 17.77 0.83 0.997 6.95 0.984 2860
soil - 13 13.60 0.88 0.995 6.79 0.961 1655
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Table 11. Comparison Linear sorption coefficient and Freundlich

sorption coefficient for 1,2-DCB on soils

Freundlich isotherm

Linear isotherm

K 1/n r Ka r Ko
soil - 1 5.99 0.88 0.997 2.2 0.991 294
soil — 2 17.2 0.79 0.987 3.24 0973 | 1809
soil — 3 12.4 0.89 0.991 503 0.992 723
soil ~ 4 31.55 0.78 0.977 4.73 0.952 260
soil -~ 5 2.08 1.21 0.594 11.18 0.960 2494
soil - 6 36.00 0.63 0.994 1.84 0.989 1639
sotl - 7 - - - - - =
soll - 8 2771 0.70 0.989 240 0.840 215
soil - 9 24.24 0.73 0.999 2.60 0.945 501
soil - 10 9.04 0.78 0.975 1.37 0.890 1388
soil - 11 30.74 0.72 0.972 2.99 0.897 1045
soll - 12 27.89 0.72 0.978 2.72 0.840 1119
soil — 13 13.73 0.92 0.997 6.85 0.989 1669
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-1. EY 544 9 & {73%E B §F

Fig. 163 1794 = B4 B384 54 EY 59 f71d4A v
o HAEuASFE oA EZZ vjase eyt £ Faol2F e,
Fol2ughsy, A, HEFEF 28 F71eh 49 Lindane®] F2HF )
|52 #AZ 4HEAFig 16), 771947t Lindane?| FFEwiAIFod 4
IS T, EFY HEFZED vEREY 5o 542 & ¥ A&
&2 gy Aog uvEhwt fU1eA7E 7HE =2 soil-49] FAEA AL
T468(L/Kg)2 718 %2 #¢t8 BRIoy soil -3 soil 9 &AZE f71skAs g3
o] Yol A FAATE wobdoh Euv soil-5 ¥ Fr1EAS} HES
4T BEE EY9 BEAgtel 71 @& % BTG5l Lindanes] gk &3

i

ol

MAFE %A UERTh RE soil 55 fRdl 8 od® Egow o
W7o s odd g f/18FEC A% F98 39, 2Y
of 4ol BAGel EATE f/12dB o) FHF) FreE Qe B
F ARGk soil-8& fUlHA HFol wYw FARuAS gol @
o olfE OB opaby Bl Wjd Fhol¥ETF 7R FHE WmE

Zrolel o & FA ol dojubA 9] WEor Ardr

Fig. 17a0AE E49 543 12-DCB Fa&AFe #AE et
12-DCB SA HEF o] & soll-8 9, 10T} freadaFe] w&
soil-49 A FARE WAL 7 2kew], soil-5% I/nghol 1¢]%4-& Ehd
of Frlstst=9 ot Sobgel wiet B S0l FFol AsHoew Srtd
T AEE 2
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Fig. 17. The relationship between soil properties and Kt of 1,2-DCB.

‘..44...



AES I fr1e4gd AJolR ol 13 soil-4 EFAEE Adsted F
7t e frl1g e FH4Y A4S Fig. 18414 vlus] Rotrh dES
Frrlgt Aol e soil-1A| & g Lindane &3 EulA S+ 17(L/Kg),
F344 083, Benzened EFAEwASFE= 11(L/Kg), FFAATFE 0828 F
A FaAgdol AR S UEEY. add dES GrigadEe] =
2 soil-4Al8°] &F33" Lindane® Benzene?l &334 Z+zt 083, 08%
e F#94E 2¥or}, Lindane?) EFFEWASFT  74L/Kge
Benzened 12(1L/Kg)Et} A & g2 B B Mo A3 HEJ Y
I iAol e BAL 2t B9 FolMe 4713 EY F3L #
71ggdEe FF 2 54 o3 dFnoe Ede] 544 9F dFgo=
FEREo] dojun, FrletAaFEe] & Edel Ao fU3gEe] FAL
ST Fdygo] ol B Addo] 42 Lindaneo] EF F F71¥A
o B& ZaA FRAHRRE 782 S o} Fadde] 2 g

O

48 & & A
100000
C)
x
g 10000
=
@
£
9 1000 -
° - . e
& - .’ o soili |
5 ol o , ‘
g 100 A soil-4 3
E — - —--Lindane
Benzene
10 ‘ ) . o o
1 10 100 1000 10000 100000

Agqueous equilibrium con. (ug/L)

Fig. 18. Comparison of Freundlich isotherms

for Lindane and Benzene in soil 1 and 4.
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22 #ANFE FF 2 54 B £ F2

soil-4 Bkl F 5ol wel E2stetd EAe] thE Benzene, 1,2-DCB,
2] Lindane? F£9 ¥=& IF7HAA FANAAE AAE Fig. 19(A)
e 2lth Benzene, 1,2-DCB, Lindanes= ¢ 2 Eeoff th3 323 gaiAdo]
AA ot B ged 548 7B, soil- 4 EGA R F3E 4 f77
g2 FHEWAFE 29(L/Kg), 31(L/Kg), 28l 7AL/Kg)Eo2 &L
&g Yehidd. o} AL Lindane®]l Benzene, 1,2-DCBel H]&] @& &34
B 2 Bxigoez EFe] shdo] wlop EekQIAtete] Aol tlL st
2 23le] Fio] dojilyl wF oz AR Fig. 19B)E f71e28 o]

B3 soil-6, 7 EFA g AR 3ol #Holdk TCES 444
Lindaneol F#ulwZdolrt TCE FHEWAFE 18(L/Kg), FHETE
0.869.% Lindane® &3HujAS 20(L/Kg9 344 082wd e 53

g ol 94 mdvte) Aol B ek
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Fig. 19. Comparison of Freundlich isotherms for

(A) Benzene, 1,2-DCB and Lindane sorption on soil 4

and (B) TCE and Lindane sorption on soil 6 and 7.
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E AF2Ry dojn A28 33 2o

(1) EY T #718EE9 P =2AE F467] A8 Ad s 4

A3, B FolAM {78 E SRS 12417 oo HHF o2&
Aoz vepd, FamAddL 1240z 3t
(2) AFELANEE o]8dly HEZES TEF 2 FTHA wE TCES
Lindane S&wixAdd %= 23 #o} 100ppb TCE £<9-& Ottawa sand
o Ca-montmorillonite 2 Na-montmorillonite Z}7}+¢] gr&ke] 0% -~ 40% 4]
AV F&FA FRAZAE W, FEZEY FFol T wet FFHE
TCE ®:x F7hstdth 2E HEJFETHAA Fi" TCE x7| +8&
T Na-montmorillonitel] A} 5% : 17% Zkoll B 21 8}of
Ca-montmorilloniteol 4 5% - 21% o2 ol & #& 2 o)A F3+ U
EA5k= Ca®t Naeol #ojel 9& Ca montmorillonite®] ¥]E W A3 o] &
wEEHe] o F Ao 7oatg o E Alg gl 200ppb Lindane &3}
Ca-montmorillonite & #Z 7o W& F2443 A, dEFEFF] F713
of wte} Lindane && %% S7189 21, 40% Ca-montmorillonite & &l A
27559 17%747 FRE AT
B) JNFEFAMNEE o83ty EY T F71F ol 23 §F 435 do}
w7 9s R @AHES o] 85k 100ppb naphthalene, 100ppb TCE, 1%
i 200ppb Lindane &5 FAwixHE dtsivh. 01%9 G723 ZAA
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