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ABSTRACT

This paper is aimed at source tracking of soil heavy metal contamination at a site established by reusing construction
wastes. The soil heavy metal concentration at the study site peaked at a depth range of 5-10 m. Column studies were
conducted to investigate the possibility of the contamination scenario of infiltration of stormwater carrying heavy metals
of ground origin followed by selective heavy metal accumulation at the 5-10 m depth range. Almost all amount of lead,
zinc, cadmium, and nickel introduced to the columns each packed with 0-5 m or 5-10 m field soil were accumulated in the

column. The very poor

heavy metal mobility in spite of the weak association of the heavy metals with the soil

(characterized by a sequential extraction procedure) can be attributed to the high pH (10-11) of the construction wastes.
From the results, the heavy metal contamination of the subsurface soil by an external heavy metal source was determined

to be very unlikely at the

study site. The column study applied in the current study is expected to be a useful methodology

to present direct evidence of the contaminant source tracking at soil contamination sites.
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Fig. 1. Samples collected by excavation (left: E-1; right: E-2).
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Table 1. Heavy metal concentration of the column feed solution
with low-level contamination

Pb Zn Cd Ni
Concentration (mg/L)  0.75 43 0.11 11
Column
g 0.2 :1L/min
Peristaltic
Influent pump Leachate

Fig. 2. Schematic diagram of column leaching test.
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Table 2. Values of factors used to estimate the infiltration period corresponding to the liquid to solid (L/S) ratio

Value
Factor Definition Unit
E-1 E-2
d Bulk density of the medium kg/m? 1459.6 1506.8
Inf! Stormwater infiltration rate mm/year 702.57
h Depth of the medium m 5

'Estimated by (Precipitation rate) x [1 — (runoff coefficient)] assuming that the precipitation other than runoff infiltrates into the soil. A
runoff coefficient of 0.45 is used based on the range of 0.3-0.6 for bare packed soil with a smooth surface suggested in Goldman and
Jackson (1986). An annual precipitation rate of 1277.4 mm/year (MOLIT, 2012) is used as the precipitation rate.

Table 3. The chemical forms of heavy metals that can be fractionated by the Tessier’ s sequential extraction procedure and the chemical

extractants used for the extraction of each fraction

Step Fractions

Extraction condition (Chemical extractants, Temperature, Extraction time)

Exchangeable
2 Bound to carbonates

3 Bound to Fe-Mn oxides (at 96 +3°C)

4 Bound to organic matter

1 M MgCl, (pH 7.0) or 1 M NaOAc (pH 8.2), at room temperature, for 1 h
1 M NaOAc adjusted to pH 5.0 with HOAc, at room temperature
0.3 M Na,S,04 + 0.175 M Na-citrate + 0.025 M H-citrate or 0.04 M NH,OH-HCl in 25% (v/v) HOAc

0.02 M HNO; and 30% H,0, adjusted to pH 2 with HNO; (at 85 + 2°C, for 2 h) — 30% H,0, adjusted

to pH 2 with HNO; (at 85+ 2°C, for 3 h) = 3.2 M NH4OAc in 20% (v/v) HNO; (for 30 min)

5 Residual Digestion with HF/HCIO,/HNO; (at 90°C for 9 h, at 140°C for 3 h, 190°C for 10 h)
i ICP-OESE &9
L/S:tdn;lf M CP-OESE F3}o] 4933t
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Table 4. pH, soil texture, and heavy metal concentration of the samples obtained by excavation

Heavy metal concentration (mg/kg)

Sample pH Soil texture
Pb Zn Cd Ni Cu As Hg Cr(VI)
E-1 10.1  Sandy loam 433 1543 311 407 041 961 ND.  ND.
E2 10.6 Loamy sand 2433 7432 338 1556 2833  7.08 048  ND.
Worrisome level for soil ; 400 600 10 200 500 50 10 15
contamination (Zone 2)
Worrisome level for soil - 700 2,000 60 500 2,000 200 20 40
contamination (Zone 3)
N.D.: Not detected.
pH wo QDS He Ao e ol BE pH
78 9 10 1 1 MBhE RG24 Holx] fgkor], ¥ 1A A
’ S92l 20 m SRANE BE AAS RS
(Fig. 3, Table 4). o]= ¥¥k¥oz =2 A4S o
5 = 749715 Butera et al., 2014)°] HEANZ AR-EHA
7] Fo 2 wE, vy $ HA d ool F)
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RS 50Lkge] 1FoE AT AP fE5el TP W,
o] X A iozﬁ:l-:.l;_tl J.O. A A)S]
- --- Groundwater leve 1, 7k=s, U 489 3385 B _T’l‘e ARSI
25 THTE FYUFE ARS 9] 25 U 595 '

Fig. 3. pH depth profile of the soil collected by the soil sampler.
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Fig. 4. Heavy metal concentration depth profile of the soil collected by the soil sampler.
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Fig. 5. Heavy metal concentration at each section of the column medium after the introduction of the feed water with 420 mg/L Pb

concentration at L/S =5 L/kg.
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