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A case study of monitored natural attenuation at the petroleum
hydrocarbon contaminated site: 1. Site characterization
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ABSTRACT

The study site located in an industrial complex has a Precambrian age gneiss as a bedrock. The poorly-developed,
disturbed soils in the study site have loamy-textured surface soil (1 to 2 m) and gravelly sand alluvium subsurface (2 to 6
m) on the top of weathered gneiss bedrock. The depth of the groundwater table was about 3.5 m below ground surface and
increased toward down-gradient of the site. The hydraulic conductivity of transmitted zone (gravelly coarse sand) was in
the range of 5.0x1072~1.85x10™" cm/sec. The fine sand layer was in the range of 1.5x107 to 7.6x10™ cm/sec. and the
reclaimed upper soil layer was less than 107 cm/sec. Toluene, ethylbenzene, and xylene (TEX) was the major contaminant
in the soil and groundwater. The average depth of the soil contamination was about 1.5 m in the gravelly sand alluvium
layer. At the depth interval 2.4~4.8 m, the highest contamination in the soil is located approximately 50 to 70 m from the
suspected source areas. The concentration of TEX in the groundwater was highest in the suspected source area and a lesser
concentration in the center and southwest parts of the site. The TEX distribution in the groundwater is associated with their
distribution in the soil. Microbial isolation showed that Pseudomonas flurescence, Burkholderia cepacia, and Acinetobactor
Iwoffi were the dominant aerobic bacteria in the contaminated soils. The analytical results of the groundwater indicated that
the concentrations of dissolved oxygen (DO), nitrate, and sulfate in the contaminated area were significantly lower than
their concentrations in the none-contaminated control area. The results also indicated that groundwater at the contaminated
area is under anaerobic condition and sulfate reduction is the predominant terminal electron accepting process. The total
attenuation rate was 0.0017 day™' and the estimated first-order degradation rate constant (1) was 0.0008 day™'.
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Fig. 1. Overview of the study site and monitoring well location.
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Fig. 2. Monitoring well installation for tracer test.
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Table 1. Physico-chemical properties of soil
Ex. Base (me/100g) Water
H TOC CEC T-N P,0s Particle | Bulk | Porosity | holding Texture
P (%) | (cmolkg)| (%) |(mgkg)| Ca* | Mg* Na* K* density | density (%) capacity
(%)
sand sand
89.1%
5.08 0.184 3.04 0.11 522 | 2287 | 0.735 | 0.305 | 0.375 2.67 1.49 441 30 .
silt 4.9%
clay 6.0%
A(SW) Reclamation Soil (Loam) - Gravilly Sand
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Fig. 3. Vertical profiles of the study site.
ARl ASKege AXLRE FF 20-45m  2e0 Asee) BF sEIe R 4ldsh 2ol
o FAdslo} low, 7dpol A%t Al e 81 FALAAAGR FHAM AMEFoZ AT AN

FuRjelo 2rEle] Asee] fU0T oI A9l W AT Asks Aol BYH Yo s= oz

£o Sk Ar) 2mol ol=w, A9l olg Alst BT 2o =RAes Jshls Asks

S
Sole] Mse ARlo] % OB ke mE Wolt.  Wske B gaw AsAud AR gu

Fig. 4. Groundwater table contour.

Journal of KoSSGE Vol. 8, No. 4, pp. 27~35, 2003



32 7] - o|9E - o]4Y -

2 8 2 &
8 8 8 g

[ i
8 &8 B8 8

— e Py M
2 a s &
a8 2

Fig. 5. TEX distribution of soil.

(recharge)®] Z}olol| 71Q18)d EEXEF0] Aol wg} t}
2 AolslA UElE = S Aoz dAvkEn

Bt 58l (hydrautic gradienty= <F 0.0075W]9]o]aL
L7l 0.0014= 7RI IodE-R9] diEe] 4=
AT FHA A, SEHEA g, FA1E, 2
A1 EY YERREE o83t FASITHO.

Ado] EAE =PE TalFe 52X103~1.85% 107!
c/secE FFUFREA L] teE: T 7 ZA Ve,
APA mefEe] FEAEEE 1.5X107°~7.6X 10 cm/sec
2 ¥ 2 g et EEFY FelieEs
107 cnisec ©J3t2 7 2R 38 BodESich

FA2 Al 2 A e 2slkr Al 58
083} Darcy?lel] we} Ak AT A F4. o)
5% Ay Hi f5E5EE 0.03~3.6 m/dayo] T

32 EY - Xokrel 2y £Y

321 ESREEA

BrERA] BT Aslrel tist Az MY Fa
8t 2 4EHLS Toluene, Ethylbenzene, Xylene(TEX)°IXL

on, gt SRt ARt A- wet v ExE
Fig. 55 19994 5%l AHE EA g 48 B3

Journal of KoSSGE Vol. 8, No. 4, pp. 27~35, 2003

E Smear zone
T 2 * \
g L d * ’
o 3 * & * \
o ! * . - AV AN
b4 ¥ =
[}
< ¢ I . * *
o > L% A
T8 o
8
a s * * L *
&
. L
0.0 100 0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0
TEX(mg/Kg)

& toluene Hethylbenzene Xylene

Fig. 6. Vertical distribution of TEX in soil.

B2 ARG EGR TEX LG8ETolth EYE
TEX®] ¥¥ oF 600 mol] 23 A7uldA] Ao
&3] WA Baxshal, 0ge] BY A4S Hol 23 o]
de} 299lo] S Aew S B AlMe 29
7t 7P 52 8 9 FoddeR FHEd)o
2 A |rE ST egEYe FAE 1.5m
oo, LHEEe FHOFUCERE HojdsE 1
21 AEERE Zod5E golRe A VeiSith
EE TEX 55 3etge) f718A xde=a F
el H5APdel oF 1,202.0 mg/kgl & 71 E9ke™, ot
02 9% F4F X 130, L31 ¥ AT
B ZoRREe) 15, LM2 181 FAZ TR U
126, LM17, L21X739) o8 2ET7} A Yeldc).
SHH, Zlod BT TEXS] ¥iv FPogdezn
Bl 70 m A7l 9] o] 2.4~4.8 mollM 7 =3k
LAWAE 7Y WA JUERTE ol Fig. 614 Heole
Ao Haxzlole} Y= A2E LNAPL(Light
Non-Aqueous Phase Liquid)?] A-FAESlA-2 2%
A e B Aglre] Q90] MR o] e
< BoAFa vk aeja Rskre] s50ee wet 3
FollA] shgEor 242 AYd e gl skt
°F FAAM, 2859 ot ZoAl=
1t} o]= Borden(1995)!) So] R1gt vl o] A
U B2 NAPLo| =410l 23kl € 71543 AA

s o]ty

2]
21 A3} FAHES smear zoneS Al 85



FEOGRANA AQARI Y A AT L FASY 24} 3

s, ol2gk Aakrele] WMES El F31=
g 29EZo] A LEdo R A8sh=
ToA Hed ZIREe AR waEny,

o9} 2 AFWIRA NN ESLES] EXE Apdo]
e 29 2eEeE F4E T8 digse] T4
=olo] EqtAlg, Ak Wil meE Eu] NAPLS
et #4270l LEREK Mo R HEHUH
Fr E Aol oJgF Fako] 1 291 A= AZEr

3.22 AR FEA

A135F TEXSY T FH49e] F3x920 H5
o} 129 2 S1291M TEXEE7} 837.3 mg/l, 924.2 mg/l,
3255 mg/lo2 7P E9ton, ZARRARR] ] SR
I FAEA T =4 e ol XSk
TEXS] FEEF= EUFS] TEXS] ¥} 443
PR3 HEE Holal o] Ehflel = TEX T A
sl el gk 2aF LdYe R ZARgsla Jue A
UeERRFIL Slct

we oleldt AskeE eagdel BEe Selxan

12 9 18
30 ok
o rir mo

e)

N1

Hk=

B9, ATl BEsle] gt e@wae )
SEgs

2] A5k 9ol WA o]Esk= LNAPLE
UrgolA mid S vhe-& B3l AAETS HolAl
Het. wEhr] @A o218k X|GAIGR, retardation
coefficient)S TEHsPH QHEZQ] olEdEr= X9
fresErn =24 ok

AA@ o] dold A9 tiFFuiolre] LAEHS] o]
TEEE Al FFREe vk S FdEAEY
AQATRRE A= AT S oJuidht.

o] XYl F8 QFEAQ TEXS AFAFRRE 2.18
ojlom, AFATHANAN F LFEZ] TEXS] B
OFELEE 0.01~1.65 m/day® ARKEITE. 22y A7)
A A-EE B et oA gt Asledse
A 5] Fgell oJa) oleidt TFL T3] HFEHUE
Ao AEEY, T3 TEXY ols&=dle AR} 51
HEA] 937 WiZel AA olsdEe olHrt #4 o
=S AoE wdEg

Lee(2001)? 52 £ A7EX] FHL AN
TEXS] A3lrol] gt Halaks Wit 17.6~552kgo &
Brgk b glok

)/
Nl

Table 2. Distribution and identification of the toluene degrading aerobic bacteria

. Depth Population density TEX .
Sampling area (m) (CFUJg) (me/ke) ID. bacteria
0.2~12 52X 10E4 ND ,
Background area 1.2-2.0 23X 10E2 N.D Burkholderia
3.0-4.1 46X 10E1 N.D cepacia
0.0~0.7 6.5X 10E2 7.016
1.7~2.4 6.0X 10E5 179.499 Pseudomonas
Hot spot
24~36 4.6X 10E1 236.240 Sfluorescence
3.6~4.8 1.5X 10E3 8.252
Margin of plume 1.2~24 6.2X 10E4 0.839 Burkholderia cepacia
" 3.6~4.0 1.2X 10E3 0.901 Acinetobacter lwoffii

Table 3. Analytical results for groundwater

Elements Contaminated area(n=>51) Background
Mean Conc. Concentration Range HM1
TEX (mg/l) 148.99 1.67~1,440.13 2.047
DO (mg/l) 0.49 0.05~3.32 0.60
NO;™ (mg/l) 347 0.02~84.55 11.863
Fe?* (mg/l) 52.31 0.03~191.16 0.03
SO (mg/l) 29.84 0.27~575.84 83.191
Alkalinity (mg/l) 198.17 37.73~543.79 67.26
ORP (mV) —142.56 —273.20~222.80 172.9
pH 6.63 6.08~7.33 7.24
EC (uS/cm) 399.30 147~616 616
Temp (°C) 19.08 13.80~24.00 14.9
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< 53 SRR AR 55 ARk @45A
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7} Baigh vke} o] A dR|Fe] A Asky EAw) 7
ol o3t Aalge] ko Qg 3 7l E3hw Jk

Table 4. The amount of available electron acceptors in groundwater by different sampling date at the study site and its expressed

assimilated capacity (EAC) (unit : mg/1)

Dat Aerobic Nitrate Sulfate Ferrous Iron Total
€ biodegradation Reduction Reduction Reduction
Jun. 1999 0.32 353 17.12 043 21.39
Table 5. Calculated field scale biodegradation rate
Total Attenuation Biodegradation
Date Slope R2 Rate Constant (k) Rate Constant (4) M
(m=k/v) (%)
(day) (day)
Jun. 1999 —0.0018 0.936 0.0017 0.0008 46.6
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