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Biopiles: a remediation option for soils contaminated by hydrocarbons 
Biopiles: une posibilitée pour remedier sols contaminés par hydrocarbures

R.lturbe, C.Chavez & C.Flores -  Institute ol Engineering. National University of Mexico

ABSTRACT: Mexico began producing petroleum and building refineries since the early 20s. One of the oldest refineries is located in the 
northeast state of Tamaulipas, named Francisco I. Madero (FIMR), which is also one of the largest refineries in the country. After an 
evaluation through the soil and groundwater sampling and a risk health assesment, an extended area was found contaminated with hydro
carbons. This area requires a soil remediation, taking into account that some zones present more than 20 000 mg/Kg of Total Petroleum 
Hydrocarbons (TPH). Biopile system was recomended as the best remediation method to diminish TPH and some poliaromathic hydro
carbons (PAH). Therefore an experimental biopile of 30 m3 was constructed with contaminated soil. After 8 weeks, results show more 
than 80% of TPH and PAH remotion.

RÉSUME: México a commencé l’exploitation du petrol et la construcción de refineries depuis 1920. Une de plus âgée est la refmerie 
Francisco I.Madero (FIMR), qui se trouve à l’est du pays. Après avoir fais un étude du sol et de l’acuifère, on a aussi une évaluation à 
propos des risque de santées dans la refmerie, on a trouvé que le sol est contaminé par des hydrocarbures (TPH) et (PAH) dans une grande 
extension de la refmerie, par conséquence on a proposée la construction d’une biopile experimentale de 30 m3 pour la remediation du sol. 
Les résultats présentés montrent une remotion des hydrocarbures de 80%.

1 INTRODUCTION

Biopile technology involves forming petroleum contaminated soils 
into piles or cells above ground and stimulating aerobic microbial 
activity within the soils through aeration. Adding moisture and nu
trients such as nitrogen and phosphorus can enhance microbial ac
tivity. The aerobic microbial activity degrades the petroleum-based 
constituents adsorbed to soil particles, reducing the concentrations 
of contaminants.

Soils normally contains diverse microorganisms including bacte
ria, algae, fungi, protozoa, ets. In well draines soils , which are the 
best for biopiles, bacteria are the most numerous and bioochemica- 
lly active group, at low oxygen levels. Bacteria require a carbon 
source for cell growth and an energy source to sustain metabolic 
functions required for growth.

Biopiles are constructed on an impermeable base to reduce the 
potential migration of leachate to the subsurface environment. A 
perforated piping network installed above the base is connected to 
a blower that facilitates the aeration of the pile. A leachate collec
tion system is constructed to prevent its infiltration to soil. The 
biopiles generally are covered with an impermeable membrane to 
prevent the release of contaminants to the soil.

The advantages of the biopiles technology are the following:
• The hydrocarbons are destroyed making this a toxicity reduction 

process that is preferred by the regulators
• Biopiles systems are relatively easy to design and construct
• Remediation is completed in a relatively short time (3 to 6 

months)
• Biopiles offer a cost competitive technology compared to others 

remedial techniques
• Biopiles can be effective for most combinations of site condi

tions and petroleum products
The use of a biopile to remediate petroleum hydrocarbon con

tamination from soil is generally applicable under the following 
conditions:
• Soil is contaminated primarily with petroleum hydrocarbons

• Chlorinated to recalcitrant organic compounds are present in ne
gligible amounts

• Toxic metal concentrations is below 2 500 mg/Kg
• The total soil volume to be treated is greater than 200 m3

• The TPH treatment target levels in Mexican Legislation is 2000 
mg/Kg for industrial soils.

2 SOIL AND GROUNDWATER CHARACTERIZATION

The stratigraphic cross-section at FIMR, from top to bottom, is as 
follows: clayey silt (0-0.30 m), silty sand (0.3-2.8 m) and fine sand 
(2.8-22.8 m). The next layer is formed by a clayey soil with low 
permeability (6 m thick).

Water table varies between 0.80 m to 3.0 m depending on the 
season of the year. Groundwater flows from west to southeast. 
The main properties of the soil are:
• Hydraulic Conductivity: K = 4.5xl0 '5 m/s
• Hydraulic Gradient: 0.00094
• Porosity: 0.37
• Bulk Density : 1.82 g/cm3

• pH of soil: 7.4
• Heterotrophic Bacteria: 3 x 106 CFU/g
• Total Nitrogen: 900 mg/Kg
• Phosphorus: 2 mg/Kg

After studying the physical composition of FIMR, 362 soil 
points were sampled across the area, 51 of them were selected to 
install piezometers for groundwater sampling (Iturbe et al).

3 EXPERIMENTAL BIOPILE

3.1 Site preparation

The selected area was a very contaminated soil with a TPH con
centration of 40 000 mg/Kg. The dimension considered for the ex
perimental biopile consisted of a 5.5 m base and 1.5 m of height 

An area of about 10 x 10 m was cleaned of debris, then the base
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Figure 1. Biopile with aeration and irrigation system

of biopile was prepared with a very low permeable soil and with an 
impermeable liner.

The base has the following functions (F.M von Fahnestock, 
1998): To provide a stable foundation to support the biopile; to 
arrange a barrier against potential migration of contaminants into 
the underlying soil; to provide 2 % grade to avoid pooling of lea
chate at the base of the biopile.

The soil chosen for the base was a local clayey soil called 
“champayan” . It was spread out in a 7 x 7 m area and compacted 
by layers every 10 cm. The total thickness of the clayey base was 
30 cm with a 2 % grade.

A high density polyethylene liner was extended over the com
pacted clay and fixed in a wood frame of 4 x 4 in treated wooden 
beams. After the liner and berm was emplaced a clean sand soil 
was placed to protect the liner during the biopile construction.

3.2 Biopile construction

The soil was excavated from the contaminated area and placed clo
se to the biopile area. The biopile was built by non-compacted la
yers of 30 cm . After each layer the nutrients were spread in a so
lution which considered the required water to maintain the soil 
moisture and also the required nutrients (Table 1). Nutrients were 
dissolved in a 600L tank and were sprayed with a flexible hose 
over each 30 cm layer of the biopile. At the end of construction, 
the biopile was covered with gravel instead of a polyethylene cover 
due to the climate characteristics (Figure 1).

3.3 Leachate collection

Even the construction of a lechate collection is not necessary, be
cause the bermed liner is designed to contain any water or leachate 
that migrates to the bottom of the pile, a leachate collection pipe 
was located below the grade of the biopile foundation. The collec
tion pipe was built with a separate 4 in PVC pipe connected to a 
storage tank.

3.4 Aeration system

The biopile must be aerated to support efficient degradation of 
contaminants by microorganisms (Brown & Cartwright, 1990). 
Drain tiles or slotted pipes are placed at various heights throu
ghout the pile. Air flowrates throught the pile are great enough to 
keep the soil above the oxygen limiting conditions. In the experi
mental biopile, two slotted PVC pipes were placed at 50 cm and 
100 cm, over a gravel layer. An air manifold with a header pipe 
was connected to an aeration pump with valves at the manifold 
branchpoints. (Figure 1).

Respiration test is required to obtain data fr calculating the TPH 
degradation rates in the biopile. In the respiiration test, 0 2 levels 
are measured in soil gas sampled. Readings are taken until oxygen 
concentrations drop below 10 %. To determine the oxygen utiliza
tion rate, 0 2 percent is plotted against time. The sloped of the line 
is th v The slope of this line is the 0 2 utilization rate.

Before to initiation of biopile operation, the initial biodégradation 
rate was estimated. Because the biodeegradation process is subs
trate limited, a decrease in rate is to be expected as the hydrocarbon 
concentration decreases.

3.5 Water addition

One of the critical factors for a successful biodégradation in the 
pile is having a moisture content that must be about 70 to 95% of 
field capacity. Microorganisms require moisture to transport nu
trients, to carry out metabolic process and to maintain cell structu
re. However, excessive moisture is undesirable because when wa
ter occupies a high fraction of th pore space in the soil, the air 
permeaility declines, reducing aeration efficiency (F.M. von 
Fahnestock, 1998).

If the biopile is sufficiently hydrated when the biopile is cons
tructed, no irrigation system usually is reequired. However the re- 
finerie is located in a tropical climate and after some méditions of 
water content inside the pile, it was decided to add 100 L of water 
every week to maintain the 20 % water conten which corresponds 
to 75% of field capacity.
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During construction of the biopile calculations indicated the 
amount of water to maintain 20  % of water content, and this was 
added every 30 cm during the addition of nutrients. After cons
truction it was considered to add 100 L of water every week and 
two slotted PVC pipes were placed at the top of the pile up to 1.40 
m high, similar to aeration system. The pipes were connected to a 
storage water tank (Figure 1).

3.6 Nutrient addition

Biopiles work to degrade contaminants by means of microorga
nisms, that use the hydrocarbons as a source of carbon and energy.
The contaminants and natural organic compounds in the soil provi
de an adequate amount of carbon but the availability of other 
essential nutrients such as nitrogen and phosphorus may be insuffi
cient compared to the quantity of carbon. The typical ratio of car
bon :: nitrogen: phosphorus (C:N:P) is 100:10:1. The nutrients 
may be dissolved in water and sprayed out during the pile cons
truction or when it has been constructed. Table 1 presents the 
quantity of nutrients to add to the experimental biopile.

Table 1. Calculating the Amount of Nutrients to be Added

Assumed C- content: 40 000 mg/Kg (0.8) = 32 000 mg/Kg 
Desired C:N:P =100:15:1 
N needed: 32 000 x 0.15 = 4 800 mg/Kg 
P needed: 32 000 x 0.01 = 320 mg/Kg 
Soil mass:
Assumed soil density : 1 500 mg/ cm3 

Total volume of biopile: 27 m3 

Total mass: 40.4 ton 
Total nutrients required:
Nitrogen: 4 800 mg/Kg x 40 500 Kg = 194.4 Kg 
Phosphorus: 340 mg/Kg x 40 500 Kg = 13.77 Kg 
Content of N and P in Nitrophosphorous (3 M-0)
P= 13.77/0.04 = 344.25 Kg
In 243 Kg of Nitrophosphorous there is 75.33 Kg of N 
Extra Nitrogen required: 145.8 -  75.33 = 70.47 Kg 
Urea contents 46% of N:70.47/0.47 = 153 Kg of Urea is required

4 OPERATION

• Once a week 100 L of water are added to biopile by the water 
system

• Every day air is added opening the air system during 20 minutes
• Every 10 day a sample from each side of biopile is taken for TPH 

and PAH analysis, and every month for nitrogen, phosphorous 
and population density of heterotrophic bacteria..

• Every month air inyction is suspeended and the rate of oxygen 
decay is measured as a function of time as C 02 increases.

5 RESULTS

Figures 2 and 3 show the TPH and PAH results after 8 weeks of 
operation. Results indicate a TPH remotion between 48, 60, 62 and 
78% in sides N, O, S and P, respectively. PAH are non detected in
3 sides after 8 weeks and a remotion of 94% for side O. Results 
are excellent taking into account the high levels of hydrocarbons 
and a short time of the biopile operation.

After 8 weeks nitrogen and phosphorous levels decreased appro
ximately 50%, this corresponds to the decreasing of hydroarbon.

The estimated initiall biodegradatin rate was nearly 160 
mg/kg/day. However, over the course of biopile operation the ave- Figure 3 Degradation of PAH’s after 8 weeks 
rage biodégradation rate has decreased to approximately 70 
mg/kg/day.

5. CONCLUSIONS

The biopile constructed with sandy soil contaminated with hydro
carbons presents a good remotion in a short time. The 20 minute

'ITU's CONCENTRATIONS

TIME (weeks)

V_______________________________________________/

Figure 2. Degradation of TPH’s after 8 weeks

Figure 3. Degradation of PAH’s after 8 weeks
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every day aeration represents an oxygen supply accurate for bacte
ria The 100L per week water supply maintains a 75% of field ca
pacity. After 8 weeks of operation there are no requirements of 
additional nutrients to those supplied during construction. Even 
though bibliography points out a need to cover the biopile with a 
plastic cover, the gravel cover has proven to be enough to avoid 
erosion by climatic factors. And there have been no water infiltra
tion excess because the leachate recollection system remains dry. 
The biopile is a very cheap soil remediation system.
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