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Assessment of Soil Washing Efficiency for Arsenic Contaminated
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ABSTRACT

Cause of contamination in the study area nearby Jang Hang Refinery is dust scattering in refinery stack, and soil washing
treatment is one of the proper technologies for soil remediation in this area. Site conditions frequently limit the selection of
a treatment process. A treatment technology may be eliminated based on the soil classification or physicochemical
characteristics of soil. This study was assessed the soil washing efficiency by conducting of soil characteristic analysis in
the vicinity of Jang Hang Refinery Stack within a 2 km radius. Also, it was decided about remedial range with
comparative analysis of As in soil by Korean Standard Test Method before/after revision, whereupon As concentration in
soil showed a increasing tendency after revision. As a result, the soil washing using the size separation of soil was
determined through identifying of As species in the soil. In this site, only particle size distribution and water content of soil
can provide the initial means of screening for the potential use of soil washing.

key words : Arsenic, Refinery, Soil Washing, Particle separation
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Table 1. Application plan of remediation technologies by land uses
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Land uses

Related regulation

Remediation technology

National Institute of Marine Life Resource The Soil Environment Preservation Act
The Agricultural Land Act (article 21)
The Soil Environment Preservation Act

Farmland
Non-farmland

Soil washing, Solidification/Stabilization
Soil replacement
Soil washing

P
Soil' -
washing

Land uses
I Farmland
[ Mon-farmland
B National institute

Fig. 1. Scheme drawing of remediation technologies by land uses
(Korea Environment Corporation & Mine remediation Corp.,
2009).
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Table 2. Waste Soil Characterization Parameters (USEPA, 1990)
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Parameter

Purpose and Comment

Key Physical
Particle size distribution:

>2 mm Oversize pretreatment requirement
0.25~2 mm Effective soil washing

0.063~0.25 mm Limited soil washing

<0.063 mm Difficult

Other Physical

Type, physical form, handling properties Affects pretreatment and transfer requirements

Moisture content

Affects pretreatment and transfer requirements

Key Chemical

Organics Concentration
Volatility Partition coefficient

Metals

Determine contaminants and assess seperation and washing efficiency, hydrophobic inter-
action, washing fluid compatibility, changes in washing fluid with changes in contaminants.
May require preblending for consistent feed. Use the jar test protocol to determine con-
taminant partitioning.

Concentration and species of constituents (specific jar test) will determine washing fluid com-

patibility, mobility of metals, posttreatment.

Humic acid

Organic content will affect adsorption characteristics of contaminants on soil. Important in
marine/wetland sites.

Other chemical

pH, buffering capacity

May affect pretreatment requirements, compatibility with equipment materials of con-
struction, wash fluid compatibility.
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Step 1: Plan a Soil Sampling

* Sampling plan for analysis of As contamination in soil
» Sampling plan for analysis of As species and
physicochemical characteristics in soil

Step 2: Distribution Map of the Contaminated Area

* Analysis of As concentration in soil
* Visualization of contaminated soil distribution by As

v

Step 3: Determination of Soil Washing Type

* Analysis of As species in soil

Step 4: Assessment of Soil Washing Efficiency

* Physicochemical analysis in soil
+ Correlation analysis between soil characteristics and
soil washing efficiency

Step 5: Zoning Map by efficiency of Soil Washing

* Ranking determination of soil washing efficiency
about group in study area

Fig. 2. Assessment procedure for soil washing efficiency.
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Fig. 3. The map marked sampling point and group for analysis of As concentration.
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Fig. 4. The map marked sampling point and group for analysis of As species and soil characteristics (9 groups).
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Table 3. The methodology of the Tessier's Sequential Extraction scheme

Fraction Chemical extractant Extraction technique
Exchangeable 8 mL of 1M MgCl,, pH7 Continuous agitation (1 h, room Temp.)
Carbonates 8 mL of 1M NaOAc adjusted to pH5 with HOAc Continuous agitation (5 h, room Temp.)
Fe-Mn oxides 20 mL of 0.04 M NH,OHHCI in 25% (v/v) HOAc 96 £ 3°C for 6hr with occasional agitation

(1) 3 mL of 0.02M HNOs and 5mL of 30% H,0, adjusted to pH2 with (1) 85 +2°C for 2hr with occasional agitation
. HNO; (2) 85 £ 2°C for 3hr with intermittent agitation
Organic &

(2) 3mL aliquot of 30% H,O, (pH2 with HNO;)

Sulfides (3) After cooling, 5 mL of 3.2M NH,OAc in 20% (v/v) HNO;

(4) Dilution to 20 mL and agitation for 30 min

(1) Evaporation to 2 mL of HCIO, and 10 mL of HF to near dryness (1) 90°C for 4.5 hr — 140°C for 1.5 hr —
Residuals (2) Evaporation to 1 mL of HCIO4 and 10 mL of HF to near dryness 190°C for 5 hr

(3) Evaporation to 1 mL of HCIO, until the appearance of white fumes (2) 90°C for 4.5 hr — 140°C for 1.5 hr —
190°C for Shr

Table 4. Test methods for soil characteristics

Parameter Standard analytical method
Concentration of As Korean Standard Test Method for Soil
Speciation of As Tessier's Sequential Extraction Procedure
Particle size distribution Korean Industrial Standards -KS F 2302
Water content (wt%) Korean Standard Test Methods for Soil
Cation exchange capacity (meq/100g) Soil Society Science of America Method
pH Korean Standard Test Methods for Soil
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Table 5. Ranking determination of soil washing efficiency about 9 group in study area

Radius (km) Group Land use Pe.uti(_:le .size Water content CEC Efficiency ranking
distribution
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3009 ™M ° ° ° 1
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L5 1007 DAB x % ” 6
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