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A study on the Distribution and Transport of
Pentachlorophenol(PCP) in Unsaturated Soils
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Summary

A series of laboratory tests was performed with soil-columns which were compacted with
sands and different amount of silt collected from the mid-stream of Gumgang, Korea. A
known degree of concentration of PCP(Pentachlorophenol) was poured into the soil-columns
and concentration of PCP was. monitored and analyzed with time and depth.

The results of the study are summarized as follows !

1. PCP was transported into soil along with the movement of moisture under gravitational
force. The amount of PCP transported through soil or absorbed by soil varied with soil
types.

2. The great amount of PCP was remained at 4~8cm section for the specimen No.2
and at 0~4cm section for the specimen Nos. 3 and 4. Based upon this result it is said
that the amount of silt between 30 and 40% may be a threshold value for PCP transported
through soil.

3. The amount of PCP remained in the specimen Nos. 2, 3 and 4 is greater than that
in the specimen No. 1 due to high specific surface of silt and high attraction force between
PCP and silt particles in the specimen Nos. 2, 3 and 4.

4. It is said that groundwater under highly permeable soil layer such as specimen No. 1
is easily polluted by PCP. That is because the PCP is basically migrated with water under

the gravitational force.

R EOPR: Tl LN 719]= : Pentachlorophenol, Soil Moisture, Pollutant
** QLAY g (F) Migration, Gravitational Force, Pollutant
Distribution.
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Table-1. Characteristics of Soil Specimens

Soil Parmreopecimen No.1 No.2 No.3 No.4
Constitution Sand 100% Zand 707% Jand 607 Jand 0%
Specific Gravity 2.72 2.74 2.75 2.76
Effective Size(Dy, mm) 0.32 0.01 0.008 0.006
Dry Density(g/cm®) 142 1.49 156 1.63
ggrefr{ggﬁtityo(fcm Jsec) 6.31X10 2 268X10 4 212x10"* 211x1074
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Fig. 1. Variation of PCP Concentration with Depth



T8 LA o] PCPY] Ak BEhol diE B3

St ot ymA ERNAE AFoRE
stRoeng [FHRme] Bl doju dde
Ag & 4 Urh

Fig. 1(b) ol A #:3H#8 No. 22 0~4cm E(fH ol
0.6~4% 7} BT QL3L, 4~8cm RS 52.7
~534% PCP7} 744 &o] = A 8~12cm
e 33.2~34.2% ©] 2L 12~16cm B 8~8.
8% 01 Collector =& 04~54% 7} S
A}, Collectoro] %91 PCP9 %2 1¢ A
Fol= 04%, 2Y B Fol= 22%, 39 43
Foll=3.6%, 44 A Fo)= 54%°)t}. Fig.
1(b) el A 4~16cm Bl E AZEe] ol

2 PCP9 <9 ##HbE 79 QIS B F
At

Fig. 1{c)ollA] FAlA No. 32 0~4cm Tkl
454~478% 2 PCP7} 7b¢ Wol #wH=EAN
4~8cm T3t 282~288%°lil 8~12cm T
He 194~20%0°]1 12~16cm T+7HS 2~3%
o)1 Collector -7+ 04~5% 7} # = AT,
Collectorell 2%] PCPY] &2 1Y ZH# Fole
04%, 29 A Fol= 14%, 39 A Fole
32%, 49 A Fole 5% 2 <7t #4bE
B4 Fig. 1(c)IA 0~16cm Tl ME A
Zre] Zge) wE PCPY ko] wsle A9
22 kg e

Fig. 1(d) 4] &A1# No.4%E 0~4cm 134
482~514% 2 PCP7} 714 ol #HE AL
4~8cm T-7He- 35~356% ©] 1L 8~12cm TIHE-
10~104% ©] 3L 12~16cm 77+ 1.8~24% )
3 Collector TF7H& 02~5%7F HEA).
Collectore] &2 PCP9] &2 19 A3 Fo=
02%., 29 A7 Fo= 12%, 39 A Fo=
26%, 49 A Zole= 5% =2 oz wWilE
BAck Fig. 1(d) oA 0~16cm F7He A A
2re] ZAaghe] wE PCPe %o walE A9
2o F3s vERAh

A A FRo] AT
PCP] %ol 7343} Collector

ol Al

T-3tel = PCP

Bo| ®indle AT FRI) BAFET o=
Aol A atel] wpel EFjel 93 PCP7} ofei 2
BES ] Foln ol Vo] Ay Ave
& —#HE FAA No.2 5, HELLE T
AE 30% 5 4 AL 4~8m FiHIA, F
AlZ No.3, No.4 & EEMLZ Hejd HEE
40%, 50%E A& AL 0~4cm TFRHANA
PCP7} o] BE3lIH . oA Bed HEE
30% 42 A 40% R3] Atolof A
PCP2) Hfifsol BET 8L/t AL S <&
domn olzfd gol AE7} PCPe BEhd #
#e FT HERMER B 5 Arh

Fig. 1(a)© HRGE7} & Zantes 74
H FAAe] ALz kS BE wet
4A PCP7} B#E)37] wj&o) #TFKe HE
BIEEtEo] ol A & BAFEd. FAIA No.
2, No.3, No.49] 7% PCP7} Z#xrc} Mk
% (Specific Surface)©] Wil PCP} Kz FfElol
#5|17(Attraction Force)o] & HEd] W53}

2 Mo
= T

He #H WEd dE &Eo BETE
PCP7} L#LIE Bol BE S AS & F

gtk o|s} o] PCP 59 [GHHE> +#K
G Bghol wel o]Fab el FH wet
BESIAY BE Ho) ga}Ath.

Ll, PCPo| BEED} RHE

Fig. 2= 3 AAlo] &&= PCPY &5 o
b}, 2o B uiel o] #3488 No. 1
o] 79 FAA A BHysh= PCP &2 1Y A4
% 44%0]3L 494 A F 394%°]1, FAA
No.2& 19 A= % 996%°lx 49 A £
94.6%°]3, FAA No.32 19 3 ¥ 996
%olx 49 A F 95%0°)1, FAA No.4w
19 A7 F 998% o] 49 BH F 95% o|t},
FAA No.2, FAIA No.3, 3AlA No.4&
+3& &9 PCP 4FEC] %9 AojE Hol
AA HEES) BRI USS e gle
Y FAA No. 18t FA AR B3] 2H&
&9 PCP7} &3t it} o]& FAA No. 2,

L
L



HWEETREE $35% F49 19934 125

g

-4 =
—~ i —
5 %0 /A 1day
= .
‘2 // 20sy
8 /// .
By day
D‘f 70 e
£ 60
£ //
LV
50
=l
£ 1
=

30

No.1 No.2 No.3 No.4

Type of Sample
Fig. 2. Total Mass of PCP Remained in
Soil

FAA No.3, FA14 No.4= 214 No. 1=
2] FAIA ol &FE NEV PCPE Wi
he HES 7HR AL 917] Yot o ud g
roeRERet & —Ksle Aoz vyt

AlZbol A#E4E Collectort @] PCP7} 18
meta FAAY e PCPREol #4des AL &
T A= ole WEMM B PCPr)
ol o) oleffgo = BE)EIY Y] wEolt),
29 A3 ¥ Collector® Z7 7+ PCPY
FHIES No. 19| Z9-58% 2 29 743} F No. 2
o) 73¢2] 22%l HlEY 264 ThaEF @ 4ol
MHEE A No.19) %% PCPE HAH" H
2 I FKgo R JEE 1, T4 No. 2, No.
3, No.4= HEE G438 7] | FA14
No.1 Bt} MA3] A&H olgl Holx B
W RREESTHO M &S Btk o) 15
BE) BOR=9 e o Hifzo] AbAEY MK
B7AA ddel wmE HER pRIas 1
92K BH BFIEES A58 nhw ok
g zlojrt, 2ev, L Hifge) MKES &A%
Figol e, AMEERT AZFH BBE 7HA
A AAEE BERE £ Ao =3 MNEHY &
HREA uel B Mk SRTHEER
AMEE = k¥ (Extraction and Pumping) 2
HEES Mol W= 38 (Flushing) < 3l
REE £ ol

).

C}, 388 PCPL| BEEMY 9%

Fig. 3& 7} zlo] ¥ & Fi#) Fo}lgle PCP
o] &5 BoF+ Tolth. Fig. 3(a)ofA 0~4

m TlA FAA No.4= A kel PCP

(05mg) 9] 482~514% 2 7} Po| BB
F A1 A No.3& 454~478%, A4 No. 2
6~4%, FAA No.1& 04~3%7} B
th &, 4E9 & B&FE PCP/ L
el o) Bt ch

Fig. 3(b)oll A 4~8 3t A FAA No. 2+
A 7o) PCP %% (0.5mg) &) 52.74~534% 2
744 Eol BEet T TAIA No. 4+ 35~356%,
FAA No.32 282~288%, #AlA No.1&
4~4.8% 7} B gk, o7)ellA FAIA No. 27t
1A No. 30vt FA1 A No. 44t} PCP2l &0l
wed oj3e R HEE 30% 41 A

T
i
= 0.

A ow

40% 5 2 A Atolo A PCPY BEEl
BES B/ MASS & 4 len o33t
#eol AEV PCPe BEhd A4S v HR

= 2 5 Aok

Fig. 3(c)°ﬂ/\1 8~12cm 7oA A A No.
2= A F3re] PCP F#(05mg) ¢ 33.2~34.2
% B 7}% 2ol Bistsl FAIA No. 32 282~
288%, &AM A No.4¥ 10~104%, A4 No.
1 7~82%7}F st} o] 5 /JOM SAA
No. 27} PCPE 714 wo] &4 o) Fig.
4(b) 2} 4~8cm TZtolA FA1A No. 27} PCPE
748 ol R3S Wi #Ehol s
PCP7} ofdf oz BESIER Hi H14E
2 "ol gl fge] PCP2) o] BA
du},

Fig. 3(d) oA 12~16cm 7+l A &A1 A No.
& A F9 PCP F#H(05mg) e 27.8~28
% % 7H8 wo] BEstal FA1A No.2E 8~838
%, A A No. 32 2~3%, & A A No. 4= 1.8
~24%7% BEETE, 714 FAA No.1¢]
PCPE 714 ©ol &Fded ole KDY
MRS A W) wizo)th



Tefl 1ol A o) PCPO Aok BE)ol HE BI%

0~4cm~t{F 4~8cm-+ 7}k
~ 60
~ 60 [+ No.1 =@ No, 2 =¢= No, 3 =t N(),i] R
»® - ~—
o | ] =
Z 50 - T — & 50
v g
=} - .
e Ay
8 40 8 40
~ =
7 30 £ 30
R g
<
£ 20 & 2
" s
“6 12}
10 . s 10
b <
g =
= L\ 0 1 | !
1 day 2 day 3 day 4 day 1 day 2 day 3 day 4 day
Time(day) Time(day)
(a) (b)
8~12cm- 4t 12~ 16cm~t 4+
—~ 35 30
R o ——— Z\:
‘;5) 30 : ;5) 25
8 | g
8y 25 ' a, 20
g o
& &
B 20— 3 15
£ g -
g E
£ 5 E 1o
= ]
kS go
a2 10 @ 5
= [ g !
= i l . = , 1
1 day 2 day 3 day 4 day 1 day 2 day 3day 4 day
Time(day) Time(day)

()

(D

Fig. 3. Remained PCP at Each Depth

Fig. 3914 4579 AA= Alte] A=
2 PCP9) &) WA she S Hol=dl, o=
EHol o8l PCP7F 2 o2 B#)et7] Yiolth

V. # &

= EROAME 57 e 2o 4
¥Efste] Soil-Columnell #H-$-31 EEE &
& PCPE B3 &7 Soil-Columnel &8 Bl
% PCP7} EFe] ffH, K, Zold wet
AL BEysta, HfsterrE MESt o
3R o2 2 ERe ddh

im

O
S

1. PCP¢} 2

2.

’ﬁ%‘éé"é}%iﬁ}.

Lo
p-

A 40%E

@) Sl B
ovl oled e
e e HREZ 2 5 9

A& 4~8cm

KeX
.
=

T

o M FHRES K
o] BEhol wel mhel 9 BEps, i
#gEC) e B AV B =
FAIA No.2 &
30% 2 43
3, No.4 =
%E A

&wo] gebic,
ERILE 2o HEE
3kl M, E A4 No.
Zu)g Red HEES 40%,
& Q~4dem F7rolA] PCP7} ol
178 2o HdEE

e Asel ApololA PCPY
3k kot AZeS &
AEZL PCPe BEho) ¥

30%




mE s TEGE #35% 45 1993F 128

3. EA14) No.2, A1 No.3, B4 No.4

FAIA No. 12t HRFe HFEEHE(Speci-
fic Surface) ©] W1 PCP&} RIFHiol Z5|71(At-
traction Force)o] &-&38}7] wjio] PCP7} 4
Ed gEHE 8o) B €t weti HES
S8 PCP7} LifEfgo) Wo] YT
o}

4. CollectorZ && U7t AL 29 43
% No. 19 4% A 13te] PCP #25(0.5mg) 9
58% ©] 3L, 2‘34_ 737 ¥ No.29 A9+ 22% 2
No.10] No.23.t} 264u} 7}aF @& o] i
st

5. FAIA No. 13} o] FRARE7 & =
moz @ AL +EEKyI &7 PCP7F ol
o3 BE)3H7) wEo HTKe HY THEH:l
ofF At

T

R

HrO 2 2
BE T

%

=z

£ X R

1. 2%3, 1988, Eh §71EAEAS B
B¥o) mxE EGFEHR &x9 9%
KAIST &3 MASHS] =

2. ¥H7YA, 1989, HFEFAHTHAXY &
HE2Ao A%, dFFEEHIA, Vol 11,
No. 3, pp.37-41.

3. o], 1991, Wiz B¥ 3} EokA

s Hed #1548 edude A

B AALELY =

o v
&, KAIST EX

10.

11.

12.

A, 1992, W B 9

. i,

Fd4s, 1992, A3y BEF
2 ukeks] 2], Vol. 8, No. 2, pp. 112-127.

AL At Azvk 1992, o =AM

A\ ute. A, 3

\_

&3] %], pp.33-63.

PCPe] &) B3 A+,
&9 =%

1965, L2k 2 PCP x5 (1)-
PCP D851 & 3 SE0#HY, BA
ik EEEE Vol. 36, No. 7, pp. 191-194.

. Kuwatsuka, S., and Igarashi, M., 1975, Deg-

radation of PCP in Soils, Sci, Plant Nutr.,
Vol 21, No. 4, pp.404-414.

Koo, J. K,, 1985, Organic Transport in Unsa-
turated Porous Media by Atmospheric
Breathing Processes, Ph .D .dissertation,
The University of Texas at Austin

Nair, S, Longwell, D,

1990, Simulation Chemical Transport in

and Seigneur, C,

Unsaturated Soil, J. of Environmental Engi-
neering, Vol. 116, No.2, pp.214-235.
Schwille, F., 1984,
Fluids Immiscible with Water in the Unsa-
turated Zone, Ecological Studies, No. 47,
Springer Verlag, pp.27-48.

Migration of Organic



