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an Agricultural Soil by Detergents and Mineral
Solution
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Environmental Microbiology, Chemical-Biological Research Institute, Ed-B3, Universidad
Michoacana de San Nicolas de Hidalgo, Francisco J. Mujica S/N, Col Felicitas del Rio. Post code.
58000, Morelia, Mich, México.

Abstract

Agricultural soil polluted by Waste Motor Oil (WMO) due to machinery used for plant production, causes
loss of its productivity. WMO is chemical composed of an insoluble mixture of aliphatic, aromatic and
polycyclic hydrocarbons. To solve this problem, it is necessary to start biostimulation with a mixture of
detergents chemically compatible with WMO hydrocarbons, following by biostimulation applying mineral
solution according to the physicochemical properties of the agricultural soil. Therefore, the aim of this
work was to improve biostimulation of WMO polluted soil by emulsification with Tween 80®, Triton
X-100® and sodium dodecyl sulfate, followed by a mineral solution. In that sense, the agricultural soil
polluted by 60,000ppm of WMO in Bartha flasks was first biostimulated applied Tween 80®, Triton
X-100® and sodium dodecyl sulfate, and then with a mineral solution. The response variables were carbon
dioxide (CO2) production and final WMO concentration. Gas chromatography was used to determine the
hydrocarbon type of the WMO before and after biostimulation of soil polluted by WMO. The experimental
data were validated by Tukey HSD ANOVA. The results showed that the agricultural soil impacted by WMO
biostimulated applied Tween 80®, Triton X-100® and mineral solution, after 45 days, registered 12.76mg
of C02/100g of dry soil corresponding a WMO decreasing from 60,000 to 11,000ppm, numerical values
statistically different compared to the soil impacted by WMO not biostimulated with detergents and no
biostimulated with mineral solution, used as negative control registered 6.96mg of C02/100g of dry soil,
corresponding to WMO decreased from 60,000 to 56,000ppm. The chromatogram of soil impacted by 60,
000ppm WMO after biostimulation with Tween 80®, Triton X-100® and mineral solution showed the
disappearance of short and long chain aliphatic hydrocarbons up to 35 carbons, as well as low and high
molecular weight aromatics up to 26 carbons. These results support that in agricultural soil contaminated
by WMO biostimulation has to start with a detergent mixture for maximum emulsification that facilitates
biostimulation with a mineral solution designed according to the chemical properties of the soil.
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Introduction

Waste Motor 0il (WMO) is one of the most common agricultural soil contaminants due to
machinery used during plant cultivation. WMO are chemicals composed of an insoluble mixture
of aliphatic, aromatic, and polycyclic hydrocarbons [1]. For WMO to be efficiently emulsified,
it is necessary to initiate biostimulation with a mixture of detergents chemically compatible
with WNO hydrocarbons. Subsequently the WMO can be mineralized by biostimulation of the
soil with a mineral solution depending on the physicochemical properties of the soil related
to the Carbon: Nitrogen (C: N) ratio as well as other essential minerals used by heterotrophic
aerobic microorganisms native to this soil [2]. In the literature review report, between 80-
90% of the related investigations use a single type of detergent, such as Tween 80®, whose
composition is insufficient to emulsify most of the variety of hydrocarbons [3-5]. Therefore,
the aim of this work was to improve biostimulation of soil polluted by WMO with Tween 80®,
Triton X-100® and sodium dodecyl sulfate, followed a mineral solution.
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Materials and Methods
Soil sample collection and preparation

Soil sampling was carried out based in NOM-021-
SEMARNAT-2000 (NOM-021) [6] using the zigzag method at a
depth of 20cm, from an agricultural area in the municipality of
Morelia, Michoacan, Mexico, called “Uruapilla”. To avoid pests and
diseases, the soil was solarized for 48 hours and sieved with a No.
10 mesh. Then, a physicochemical analysis of the soil was carried
out according to NOM-021 before polluting agricultural soil by
WMO.

Biostimulation experiment of soil polluted by 60,000
ppm WMO with Tween 80®, Triton X-100®, SDS® and
with 50% mineral solution

To demonstrate that detergent mixing is necessary for WMO
emulsification in soil biostimulation, a triplicate randomized block
experiment was conducted in Bartha flasks with 100g of soil. Then

the soil was contaminated by 60, 000 ppm WMO from an automobile
mechanical workshop in the city of Morelia, Mich, Mexico. The
volume of the WMO was measured with a glass pipette and poured
into the soil to contaminate it. To start the soil was biostimulated
with Tween 80®, Triton X-100®, SDS® and 50% mineral solution.
The mineral solution had the following composition (g/L): NH,NO,
10, K,HPO, 2.5, KH,PO, 2, MgSO, 1, NaCl 0.1, CaCl, 0.1, FeSO,
traces, trace elements solution 10 and pH 6.5-6.8 according to
the physicochemical agricultural soil proprieties based in organic
matter, total nitrogen and phosphates concentration. In Bartha
flasks with the contaminated soil, 9ml of 0.1N NaOH was introduced
into the flask reservoir. The flasks were kept in incubation at 30
°C for 45 days. The indirect response variable of WMO metabolism
was the released carbon dioxide (CO,) derived from biological
activity and trapped by NaOH [7]. The mineralization of the WMO in
the agricultural soil was complemented with the determination of
the concentration of its hydrocarbons that disappeared by Soxhlet
technique [8]. Experimental design is shown in Table 1.

Table 1: Experimental design of biostimulation of soil impacted by 60,000ppm WMO applied detergents and mineral

solution.

Soil Waste Motor Oil | Tween 80® (0.5%) | Tritén X-100® (0.5%) SDS® (0.5%) Mineral Solution (50%)
Absolute control - - - - -
Negative control + - - - R

T1 + + - - +
T2 + - + - +
T3 + - - + 4
T4 + + + - +
T5 + + - + +
T6 + - + ¥ +
T7 + + + + +

Added= (+) no added= (-)

Identification of WMO hydrocarbons before and after
biostimulation of contaminated soil

Soil samples impacted by WMO before and after biostimulation
with detergents and mineral solution were analyzed in an Agilent
Technologies 7890A series gas chromatograph coupled to 5975C
series masses, 1.0uL of sample was injected in Spitless mode,
helium (99.995% purity) was used as carrier gas in a Zebron
capillary column. 5 MS 30.0m long, with an internal diameter of
0.25mm and a film thickness of 0.25mm. The injector temperature
was 250 °C and the initial oven temperature was 50 °C with a
ramp of 30-150 °C, ramp 2 of 10 °C ¢/min up to 310 °C/2min. The
temperature detector was 280 °C with an equilibration time of 3
min and a maximum temperature of 320 °C (modified method of
Peng et al. [9]).

Statistical Analysis

Differences in experimental data between groups were

confirmed by one-way Analysis of Variance (ANOVA) and the Tukey
HSD test (a = 0.05) with the Statgraphics Centurion XVLII program
[10].

Results and Discussion

The physicochemical analysis of the soil proprieties is shown
in Table 2, where total nitrogen (N) had a mean value of 0.32 %
and phosphates (PO, ?) with a high value of 219.34ppm, (NOM-021-
SEMARNAT-2000), these properties indicated that the soil required
to be biostimulated with mineral solution at 50 %, to induce native
heterotrophic aerobic microorganisms to eliminate WMO [11].
According to Figure 1, in agricultural soil polluted by WMO before
biostimulation by detergents and mineral solution it shows that
it was a heterogeneous mixture of linear and branched aliphatic
HCs from 12 to 35 carbons; were also detected aromatics such as
benzene, phenols and naphthalene.
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Table 2: Physicochemical properties of soil not polluted by waste motor oil.

Parameter Value Interpretation
pH 5.67 Moderately acidic
Organic matter (%) 10.44 Very high
Texture (%) 31.8 (clay), 26.92 (sand), 42.0 (silt) Clayey silt
Total nitrogen (%) 0.32 Medium
Phosphorus ppm 219.34 Very high
Sodium (Na*) ppm 153.38 High
Potassium (K*) ppm 168.61 High
Microelements (ppm):
Iron (Fe?") 13.91 High
Zinc (Zn*) 0.37 Low
Copper (Cu*") 0.54 Low
Manganese (Mn?*) 4.62 Low1l
1NOM-021-SEMARNAT-2000
1600000
14 00000
1200000
1000 OO OO
BO0000
GOO000
400000
200000 L.ilﬂatj
- - _—_—
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 Z0 .00
Tirmez

Figure 1: Chromatogram of soil impacted by 60, 000 ppm of waste motor oil before bio stimulation applied
detergents and mineral solution at 50%.

Figure 2 shows biostimulation of agricultural soil polluted by
WMO applied Tween 80, Triton X-100 and 50% mineral solution, by
the amount of CO, from WMO mineralization. While the same soil
not polluted by WMO irrigated only with water or absolute control
registered 7.55mg CO,/100g dry soil on day 45, derived from the
mineralization of native organic matter due to aerobic heterotrophic
microorganisms in any agricultural soil that, according to the

physicochemical analysis, was high before the biostimulation
by detergents and mineral solution. The value of CO, released
by the mineralization of organic matter in the uncontaminated
agricultural soil used as an absolute control was subtracted from
the value of CO, in the soil polluted by WMO biostimulated by
detergents and mineral solution to obtain only the CO, released by
WMO mineralization.
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Figure 2: CO, production during biostimulation of soil impacted by 60,000 ppm of waste motor oil applied Tween
80®, Triton X-100®, SDS® and biostimulation with mineral solution at 50%. (WMO: waste motor oil, AC: absolute
control, NC: negative control, MISO: mineral solution. Different letters indicate statistical difference).

Biostimulation soil impacted by WMO applied Tween 80®,
Triton X-100® and mineral solution at 50% released 12. 76mg
€0,/100g dry soil, numerical value statistically different compared
to soil polluted by WMO not biostimulated with detergents, neither
mineral solution used as negative control registered 6.96mg
€0,/100g dry soil, derived from natural attenuation; compared
to soil polluted by WMO biostimulated only SDS® and mineral
solution at 50% that generated 11.22mg C0,/100g dry soil.

The results support that biostimulation of agricultural soil
polluted by WMO the chemical composition of Tween 80® [12]
and Triton X-100® [13], were chemically compatible to emulsify
WMO and improve soil biostimulation with 50% mineral solution
to induced heterotrophic aerobic native microorganisms to
mineralize most of the WMO as a carbon and energy source for
maximum CO, released. At the beginning of biostimulation of soil

polluted by WMO its lightest fraction of hydrocarbons was rapidly
oxidized [14].

Table 3 shows during biostimulation of soil polluted by WMO
applied Tween 80® / Triton X-100® and mineral solution at
50%, reached 81.6 % mineralization corresponding to maximum
oxidation of WMO from 60, 000ppm to 11, 000ppm. Biostimulation
of soil contaminated by WMO with detergents and mineral solution
according to the chromatogram in Figure 3 shows that short, long
and linear aliphatic hydrocarbons, as well as some low and high
molecular weight aromatics from WMO that were compatible
with Tween 80® and Triton X-100® that achieved its maximum
emulsification, to improve biostimulation applied mineral solution
at 50 % to enhance the ability of native heterotrophic aerobic
microorganisms to mineralize WMO.

Table 3: Concentration of waste motor oil in impacted soil biostimulated applied Tween 80®, Triton X-100®, SDS® and

biostimulation with mineral solution at 50%.

Soil WMO Concentration after 45 Days (ppm) Percentage of Mineralization (%)
WMO (Negativo control) 56,000f 6.6
T1: WMO + Tween 80® + 50% MISO 18,0004 70¢
T2: WMO + Triton X-100® + 50% MISO 19,500¢ 67.5¢
T3: WMO + SDS® + 50% MISO 18,000¢ 70¢
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T4: WMO + Tween 80®/Triton X-100® + 50% MISO 11,000° 81.6"

T5: WMO + Tween 80®/SDS® + 50% MISO 15,4000 74.3°

T6: WMO + Triton X-100®/SDS® + 50% MISO 17,600¢ 70.6¢

T7: WMO + Tween 80®/Triton X-100®/SDS® + 50% MISO 15,500 74.1°

*Different letters indicate statistical difference according to ANOVA-Tukey (p<0.05)
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BOOOODOD
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jaleialelels] 1}
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Figure 3: Chromatogram of soil impacted by 60, 000ppm waste motor oil after biostimulation applied Tween 80®,
Triton X-100® and mineral solution at 50%.

The results of the soil impacted by WMO biostimulated
applied Tween 80® / SDS® and then biostimulation with mineral
solution at 50 %, indicating due to its chemical composition [15-
16], emulsified short chain linear hydrocarbons of WMO and
the biostimulation applied mineral solution at 50% induced
heterotrophic aerobic microorganisms to mineralize and decrease
WMO from 60,000 to 15,400ppm equivalente at 74.3% of WMO. In
agricultural soil impacted by WMO biostimulated applied Tween
80® / Triton X-100® / SDS® partially emulsified its hydrocarbons
then biostimulation with mineral solution at 50% to improve
the effective mineralization of WMO from 60,000 to 15,500 ppm
equivalent to a 74.1% reduction in its concentration. The WMO
reduction values, were statistically different compared to soil
impacted by WMO biostimulated only with SDS®, that has linear
carbon structure Ali et al. [17] to emulsify some hydrocarbons of
WMO, then biostimulation by mineral solution at 50% registered
decreased from 60,000 to 18,000ppm corresponding 70%
elimination of WMO. In soil impacted by WMO biostimulated only
with Triton X-100® having a short carbon chain and aromatic ring,
partially emulsified short chain aliphatic hydrocarbons and some
low molecular weight aromatics. Followed by biostimulation of
heterotrophic aerobic microorganisms applied mineral solution
at 50%, that effectively used them as only carbon source and

energy decrease to reduce the WMO concentration from 60,000 to
19,500ppm or 65.7 or reduction [18].

Figure 3 shows the chromatogram of soil impacted by 60,
000ppm WMO after biostimulation with Tween 80®, Triton
X-100® and mineral solution at 50%, shown the disappearance of
short and long chain aliphatic hydrocarbons up to 35 carbons, as
well as low and high molecular weight aromatics up to 26 carbons.
These facts support the results of Table 3, that demonstrated the
chemical compatibility of the detergents in soil biostimulation
to emulsify WMO hydrocarbons, that biostimulated by mineral
solution induced a rapid mineralization of WMO by the native
aerobic heterotrophic microorganisms of agricultural soil to use
those WMO hydrocarbons as the only source of carbon and energy
[19].

Conclusion

This research showed that in any agricultural soil polluted
by a mixture of hydrocarbons of the WMO type, biostimulation
has to start with detergents according to the chemical properties
of these hydrocarbons to ensure that the biostimulation with
mineral solution is adequate to the chemical properties of the soil
for efficient and fast mineralization of WMO in order to recover its
health for reuse in the production of safe food.
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