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Sampling and Analysis of Soil Pore Water for Predicting the Diffusion
and Behavior of Soil Pollutant Using Soil Lysimeter
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This case study is about the sampling and interpretation of soil pore water in order to understand and to predict
the diffusion and behavior of soil pollution. For the measurement of polycyclic aromatic hydrocarbons(PAHs) in
two representative hydrocarbon-contaminated sites, the extraction system of the soil pore water was set up with
respect to soil depths and the behavior of contaminants was interpreted. The soil solution extraction system con-
sisted of peristaltic pump, and extraction and sampling compartment, and can measure simultaneously the soil water
pressure. The concentration of PAHs with respect to extraction pressure and time decreased due to dilution through
soil pore water. Particularly, the concentration of PAHs was more reduced under the unsaturated oxic condition than
saturated anoxic condition. Therefore, the soil solution extraction with respect to soil water pressure can interpret
the extent of equilibrium between porewater and soil surface.

Key words : Soil pore water, Lysimeter, PAHs, Tensionic extraction system, Soil water pressure
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Fig. 1. (a) Geochemical reaction in the system consisting of soil, plant and water, and (b) classification of soil water.
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Fig. 2. (a) Schematic structure of Tensionic as a combined type of soil solution sampler, and (b) soil lysimeter for two

petroleum-contaminated soils.
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Table 1. Concentration of hydrocarbon in contaminated soils.

2AE - o

Lysimeter 1 Lysimeter 2

Hydrocarbon contaminants Unit Train refinery site Oil storage tank site
TPH mg kg 740 2,154
Naphthalene 1,030 1,116
Acenaphthylene 50 2,963
Acenaphthene 50 6,247
Fluorene 543 3,234
PAH kg! ’

* Phenanthrene He x& 893 14,725
Anthracene 426 9,862
Fluoranthene 3,217 47,810
Pyrene 10,204 71,336

Table 2. Soil properties of two hydrocarbon-contaminated soils.
imeter 1 Lysi
Site Lysimeter ysimeter 2 Unit

Train refinery site

Oil storage tank site

Soil texture 34, 48, 18 41, 42, 17 sand, silt, clay
(<2 mm) (loam) (loam) (%)
Soil pH 7.8 8.1 -
Soil water content 39 54 %o
CEC 16.8 14.7 meq/100g
Soil organic matter 1.2 15
Soil bulk density 1.73 1.71 %
Total nitrogen <0.01 <0.01
Total sulfur <0.01 <0.01
o Al 126 154
D‘ﬂ:;;’:;'izlfm Fe 14,460 14,020 pg kg
Mn 759 380
Al 10,370 7,356
Total concentration Fe 13,320 9,797 Kol
(Aqua regia digestion) Mn 455 212 me X8
Pb 90 134
Al 189 188
Fe 17,865 15,894
Mn 896 627
Pb 260 87
Naphthalene 10 11
Centrifuge water Acenaphthylene 2.6 2.5 0
(capillary water) Acenaphthene 2.8 5.8 Mg ke
Fluorene 29 2.8
Phenanthrene 7.5 12
Anthracene 14.1 10.8
Fluoranthene 3.1 29
Pyrene 14.2 36.8

BARTHTable 1). A=A 9 GEA = FFAEAA
HAHe} Jd oz TPHe PAHY) w2 g8 B
Aet. Z77ke] fFTE osiM FHRAZAE 2
£2(2,154 mg kgh)e] TPHEZo| A=AU 2HF
A (740 mg kgHETH F& Ao wdch PAHRE
254 B4 HEEZ Naphthalene, Acenaphthylene,

Acenaphthene, Fluorene, Phenanthrene, Anthracene,
Fluoranthene, Pyrene 38| &=t} o]2{$t PAH
Fe 2 Ee olrr} B2 o] WAl yg2 75
e EAE g8 &4 #71EZHOCs; hydro-
phobic organic chemicals)*|th. PAHF+= sM{dg9]
Fgold AR Al FEEHY, o8] WE fI=R ¢
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3 EF #7182 43 RS g4 2 1T 5
¢k Eqhflel] 7AstAl AF3Al @rh(Cerniglia, 1992).
web g o] EERIES <siA &alE]
£29 7Fs4de] ok

Echl Aslel gele] 284S Yeilie Al Fe,
Mne] S48 949 F=8 757 F 28E 294E
9l Phe) FEE SAIATH FHE 949 AuE
37 istE ez FE548 vepli= Citrate-
dithioniteF& #-& &3y Fe2 0113 0.14%,
Mn& 0173 0.18%9 3, Al m$- @& 85548
Yeplisleh. B Ale] 25 Q9EYe] =14
Eo] 2o RS Hole IEHE EXjo dy
= A 2th v Fest Mne f719d9 8479 27
7¢ wk3of oJaiA Echl Aslghednlkgo o8k Akshy
A e §EPYe] dojd ZoE WeHEL
(McBride, 1994). $7159 A& Rajapdoir A
A48 AZH 0,>NOs*>MnOx>Fe@HOOH>S0,>
>C0,% +ME EY U] AEEC] ol8He AL 17
8 u)(Sparks, 2002), @ FERS HAel 3AH] vt
Lo rg ZA37] ool (Table 2), LIESF W F
A8 Mnat Fert #7182 B8l 913 Ax-83
22X g dAArgAe) vlaste JiEes g2 5
zolt}

42 FHotH ME EYIIx+ £&

ZF29gd WE EYFT5] 38tE E4 A
of it A HA F2UHE FAs] A,
AE BEYETT dEFEARNE FEUAY 2 E
AFELIF QPER T HIE yIsiYch F2UH
S 11kPaolA 43kPaZ F7MA2FE T EYElelAr)
EolA PAHF A& w=wile A9 gz
(Lysimeter 1 in Fig. 3a and Lysimeter 2 in Fg. 3b),
ok 7P B8 32908 (3kPalA B FEE B
t} ol &) o3 ERTIFE wABe] F
T2 W3] R £ ve FRe] 3559 §
Yo o g} & Zoz dddth S4E 7t
A3 EYETFTY] F5L2 AUl o -100kPad] €
2 Ak, o3 4He mAAso] UYRE £
g & 3lE o r BENEIS ASSEAY EY
FE F2H9= 250 nAH AR it
B 3S & 2ELs EYEHI ARHoR vy
e o|Z 3l8ka AL zZheth vhHd ZEAdeE B
Fr= oA BEgixt Bt slA ekl glod
ERHa sty ukedAd) gorus wMd<se] 3
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Fig. 3. Variation of concentration with respect to
extraction pressure; (a) lysimeter 1 and (b) lysimeter 2.
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Fig. 4. Variation of concentration with respect to extraction time in different soil depths (30 and 60 cm from top soil); (a)
30cm in lysimeter 1, (b) 60cm in lysimeter 1, (c) 30cm in lysimeter 2 and (d) 60cm in lysimeter 2.
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Fig. 5. Variation of concentration of (a) PAHs, (b) Al, Fe
and Mn, and (c) pH and Eh in the lysimeter 1 with respect
to lysimeter operation time.
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