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4D14 Contaminated Land and Waste Management

QUESTION 1
(a) Petrol (gasoline) is likely to move deeper because it is less viscous than diesel fuel. Petrol

is a complex mixture of relatively volatile hydrophobic hydrocarbons that includes aliphatics,

aromatics, and additives. Petrol is dominated by compounds with 4 to 12 carbon atoms,

whereas diesel fuel is composed primarily of straight-chain unbranched hydrocarbons (C11 to

C18-27 range). Diesel fuel has a high percent of longer chain, heavier, less volatile

hydrocarbons than petrol.
(b)
(1) From the 4D14 Databook, the properties of toluene are

(i)

(iii)

©

Henry’s constant H = 6.7 atm/M

Molecular weight = 92.1

Gas concentration P =100 ppmV = 100 x 10°% atm =1 x 10™* atm.

Using Henry’s law, the concentration in soil moisture C =P/H = 1 x 107/6.7 = 1.5 x
10° M.

Convert this to mg/L.

1.5x 10° (M)= 1.5 x 10™ (mol/L) x 92.1 (g/mol) x 10* (mg/g) = 1.38 mg/L.

The octanol-water partition coefficient of toluene is logKow=2.73 from the 4D14
Databook.

For aromatic compounds, log K. = 0.544 (logKew) + 1.377 =0.544 x 2.73 + 1.377 =
2.86

Hence, Koc = 728.

The partitioning coefficient Kp is then estimated Kp = focKoc = 0.001 x 728 =
0.728.

Using the linear isotherm model, X = KpC =0.728 x 1.38 = 1.0 mg/Kg.

Volume of 1kg of soil = 1000g/1.8 (g/cm®) = 556 cm® = 0.556 L=5.56 x 10 m".
Gas concentration P = 100 (ppmV) x 92.1/24.05 (mg/m’) = 383 mg/m’

Mass in 1 kg of soil = V(¢,,)C + V(pp)X + V(¢,)P=0.556 x 0.4 x 0.5x 1.38+ 1.0x 1
+383x0.4x0.5%x5.56x10%=0.153 + 1.0 + 0.043 = 1.196 mg/kg of soil.

The Darcy’s velocity is v=Ki =40 x 0.015 = 0.6 m/day.
Retardation factor R=1 + (pg)Kp/d =1 + 1.8 x 0.728/0.4 = 4.28
The average toluene velocity is 0.6/4.28/0.4 = 0.35 m/day.



(d)

(1) Air sparging and vapour extraction — Circulate air in the ground and volatilise the
toluene. The contaminated gas is extracted by vapour extraction system.

(ii) Excavation — go to landfill or perform on-site chemical treatment.

(iii) Pumping — use of dual pumping system.

(iv) Soil flushing — water or another treatment fluid is introduced to accelerate the
movement of contaminants to the water and to facilitate their ultimate recovery

through groundwater pumping system.



QUESTION 2

(a)
Precipitation ~.- t Evaporation ¢4
I
Surface water
Vadose Infilitration Evapotranspiration
Unsaturated
zone - Capittary-fringe
Y
Water table
Saturated _
Aquifer (sands, gravels, sandstones, limestones
and fractured rocks)
In .'.'.‘.'.'.‘.'.'.'.‘.‘y'.'.'.',‘.'.'x'.'.‘.‘-'-'er.'.'f.r.".'.';'.‘r'l'x'.','L'J.';'.‘.‘;‘.‘.‘.'.'.'.‘.‘.'.'.','.'.'.'r'.‘.';'F-'-’.‘.TTL: Out
Aquitard (clays, shales and unfractured crystalline rock) %
Hydrological inputs.
Precipitation and infiltration
Surface-water inflow into the area
Groundwater inflow from outside the area
Artificial import of water into the area through pipes and canals.
Hydrological outputs

Evapotranspiration from land areas (plants and soils)
Evaporation of surface water

Surface water runoff

Groundwater outflow

Artificial export of water through pipes and canals.

(a) Chlorinated solvents are chemicals used for metal greasers, drycleaning and paint
removers. They are denser than water. Hence, when they are spilled in the subsurface,
they penetrated below the water table. They are less viscous than water. Therefore, the
penetration front is unstable under gravity dominated flow and move inside the subsurface
in a complex manner. Hence, it is very difficult to find them in the subsurface. The
solubility values are low and they remain as a continuous contaminant source for very
long time. Although small amount of solvents can only dissolve into water, the toxicity is



high.

(b) One person in one million people will get a cancer if one million people are exposed to
this daily dose value of a chemical throughout their life time, which is usually 70 years.
The maximum allowable concentration of this contaminant in water can be estimated by
applying this daily dose to an amount of 2L of water, which is consumed daily.

(c) Non-carcinogenic toxic effects have a threshold and below the threshold no adverse effect
will occur. For carcinogenic effects, there is no threshold below which no effects will
result. Toxicology tests are performed by feeding chemicals in large doses to rodents and
then extrapolating the effects to humans exposed to low doses by using extrapolation rates.
Tests are performed at doses higher than human exposure in order to elicit response in test
animals. Animal to human extrapolation is made by weight using the following formula.
Dose of Human= Dose of Animal x (Body weight of Human/Body Weight of Animal)”?
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