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EVALUATION OF MICROBIAL RESPIRATION AND ECOTOXICITY IN 
CONTAMINATED SOILS REPRESENTATIVE OF THE PETROLEUM-

PRODUCING REGION OF SOUTHEASTERN MEXICO 
Evaluación de la Respiración Microbiana y Ecotoxicidad en Suelos Contaminados  

Representativos de la Zona Petrolera del Sureste Mexicano 
 

Randy H. Adams Schroeder1, Verónica I. Domínguez Rodríguez1, and Laudiel Vinalay Carrillo1 

 
SUMMARY 

 
Microbial respiration was measured in eight soil 

types and four petroleum-drilling cuttings 
representative of the petroleum-producing region of 
southeastern Mexico. Relatively high rates (2.84 to 
6.23 mg C-CO2 kg-1 h-1) were observed in most soils 
with histic (organic) or mollic (organic rich) surface 
horizons (epipedons); moderate rates (2.12 to 3.38 mg 
C-CO2 kg-1 h-1) in eutric (enriched) sandy soils 
(Regosols), in alluvial soils under pasture, and in most 
drilling mud/cuttings; and low rates (0.23 to 1.04 mg 
C-CO2 kg-1 h-1) were observed in dystric (poor) 
Regosols, savannah soils, and in alluvial soils with 
intense agricultural use. Slightly higher respiration 
rates (1 to 28% higher) were observed in soils with 
moderate hydrocarbon contamination than in 
uncontaminated soils of the same type, but lower rates 
were found in soils with high hydrocarbon 
contamination (38% lower). Higher respiration rates 
(> 2.3 mg C-CO2 kg-1 h-1) tended to be associated with 
higher percent organic carbon (> 0.8%). The 
following factors appeared to be involved in lowering 
respiration rates (relative to percent organic carbon): 
1) poor aeration due to fine texture (in clayey soils 
and drilling cuttings); 2) reduced aeration due to 
moderate - high hydrocarbon contamination in organic 
soils; and 3) low nutrient levels (in poor sandy soils, 
savannah soils and alluvial soils with intense 
agricultural use). Of the soil samples tested, none 
presented toxicity (EC50 > 45 500 mg kg-1, field 
weight, Microtox). In drilling cuttings, two of the 
three samples tested presented moderate 
toxicity (EC50 =  30 800 mg kg-1  and  43 300 mg kg-1)  

 
1 Universidad Juárez Autónoma de Tabasco. Km. 0.5 Carretera 
Villahermosa-Cárdenas, Villahermosa, Tabasco, México. Tel: (93) 
54-43-08, (93) 95-05-60 
(drrandocan@hotmail.com) 
 
Recibido: Marzo de 2000.  Aceptado: Mayo de 2002. 
Publicado en Terra 20: 253-265.  

but much higher respiration rates (2.3 to 2.8 times 
higher) than the nontoxic sample. Reasons for these 
increases were not clear but may be associated with 
drilling additives. Implications of these findings for 
bioremediation and natural attenuation in regional 
ecosystems are discussed. 

 
Index words: Microbial respiration, Tabasco, 
bioremediation, hydrocarbons, drilling cuttings. 

 
RESUMEN 

 
Se midió la respiración microbiana en ocho tipos 

de suelo y cuatro recortes de perforación petrolera 
representativos de la región petrolera del sureste de 
México. Se observaron tasas relativamente altas 
(2.84 a 6.23 mg C-CO2 kg-1 h-1) en casi todos los 
suelos con horizontes superficiales (epipedones) 
hísticos (orgánicos) o mólicos (ricos en materia 
orgánica); tasas moderadas (2.12 a 3.38 mg C-CO2 
kg-1 h-1) en suelos arenosos (Regosoles eútricos) 
(enriquecidos), en suelos aluviales con pastura, y en la 
mayoría de recortes de perforación; y se observaron 
tasas bajas (0.23 a 1.04 mg C-CO2 kg-1 h-1) en 
Regosoles dístricos (pobres), en suelo de sabana, y en 
suelos aluviales con actividad agrícola intensa. Se 
observaron tasas de respiración ligeramente más altas 
(de 1 a 28% mayor) en muestras con una 
contaminación por hidrocarburos moderada al 
compararlas contra muestras de suelo del mismo tipo; 
pero en muestras muy contaminadas se observaron 
tasas más bajas (38% más baja) de respiración. Se 
presentó una tendencia que donde hay más altas 
concentraciones de materia orgánica (> 0.8% carbono 
orgánico), se encuentran tasas de respiración más altas 
(> 2.3 mg C-CO2 kg-1 h-1). Aparentemente, los 
factores que redujeron la respiración (relativa al 
porcentaje de carbono orgánico) fueron: 1) aireación 
deficiente debido a la textura fina de suelos arcillosos 
y recortes de  perforación;  2)  aireación  reducida  por  
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contaminación de moderada a alta en suelos orgánicos 
y 3) valores bajos de nutrimentos (en suelos arenosos 
pobres, en sabana, y en suelos aluviales con 
agricultura intensiva). Ninguna de las muestras de 
suelo analizadas presentó toxicidad (EC50 > 45 500 
mg kg-1, peso fresco de campo, Microtox). En recortes 
de perforación, dos de las tres muestras analizadas 
presentaron una moderada toxicidad (EC50 = 30 800 y 
43 300 mg kg-1), pero tasas de respiración mucho más 
altas (de 2.3 a 2.8 veces mayor) que en la muestra no 
tóxica. Las causas de estos incrementos no están 
claras, pero pueden estar asociadas con los aditivos 
aplicados durante la perforación. Se presenta el 
significado de estos resultados con respecto a 
proyectos de biorremediación y atenuación natural en 
ecosistemas regionales. 

 
Palabras clave: Respiración microbiana, Tabasco, 
biorremediación, hidrocarburos, recortes de 
perforación. 
 

INTRODUCTION 
 
The expansion of petroleum activities, including 

exploration, drilling, extraction and refining, into the 
tropical areas of our planet in recent decades has 
provided an economic boost in many regions. 
Petroleum production in the tropics represents nearly 
one-fifth of world totals, and two of the top ten 
petroleum-exporting countries lie in equatorial 
regions. Mexico is the fifth leading oil-producing 
nation worldwide and is one of the leading exporters, 
exporting nearly half of its total production (PEMEX, 
1999; World Oil, 2001).   

Like any other industry, the petroleum industry 
produces wastes, which are sometimes improperly 
disposed. In most developed countries, situated 
mainly in temperate latitudes, the problems of waste 
treatment and disposal associated with this industry 
have largely been overcome or mitigated. In most 
tropical regions, however, these problems are just 
beginning to be addressed (Easterbrook, 1996).    

In the environment, one of the principal processes 
responsible for the passive mitigation of petroleum 
contamination is biodegradation of the petroleum 
hydrocarbons by naturally occurring microorganisms. 
These microorganisms, mainly bacteria, are found in 
almost all hydrocarbon affected soils. They use the 
hydrocarbons as an alternative food source, mostly for 
biomass carbon and energy  production.  This  process  

involves the breakdown of the hydrocarbons into 
smaller units and finally the incorporation into cell 
material (biomass) or breakdown into carbon dioxide, 
resulting in cellular biochemical energy production. 
The overall result of this process in nature is: 
1) reduction in petroleum hydrocarbon concentration, 
2) reductions in the overall toxicity of the area, and 
3) reduction in the mobility of the remaining 
hydrocarbons in the environment (Bartha, 1984; Cole, 
1994; Hinchee, et al., 1994; Wise and Trantolo, 
1994). 

This process is used industrially to treat petroleum 
waste and restore contaminated areas. Known as 
bioremediation, it manages the growing conditions of 
the bacteria in waste treatment processes to maximize 
biodegradation. It involves, mainly, the addition of 
inorganic nutrients and the control of environmental 
factors such as aeration, pH, moisture, and sometimes 
temperature (King, et al., 1992; Cook, 1995).  

An important element in the treatment or 
mitigation of petroleum-contaminated sites is the rate 
of microbial activity and hydrocarbon decomposition 
or detoxification. One indicator of microbial activity 
is respiration, especially in aerobic systems such as 
are generated in most bioremediation designs (King, 
et al., 1992; Cole, 1994; Adams, et al., 1995, 1999; 
Cook, 1995). This depends on many environmental 
factors in the soil environment and may vary greatly 
between different soil ecosystems. In temperate 
regions, a great deal of research into this area has been 
made (Bauzon, et al., 1968; Hershman and Temple, 
1979; Frankenburger and Dick, 1983; El-Din Sharabi 
and Bartha, 1993; Blaszkiewicz, et al., 1997; Drake, 
et al., 1997; Lawlor, et al., 1997; Venosa and Haines, 
1997), but such research in tropical regions is just 
beginning (see Adams, et al., 1999). The purpose of 
this study is to investigate respiration as an indicator 
of microbial activity, specifically that potentially 
obtainable in bioremediation projects (aerobic 
conditions) in typical soil ecosystems in the 
petroleum-producing region of tropical Mexico, and 
to evaluate factors which may be important for 
bioremediation projects, thus facilitating technological 
development in this region and in similar tropical 
regions of our planet.   

Preliminary results of these investigations have 
been presented previously (Adams, et al., 1995). This 
report includes a more intensive and comprehensive 
study, using the preliminary research as a base. 
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DESCRIPTION OF STUDY AREA 
 
The study area is located between 92°45’ and 

94°W and 17°45’ and 18°45’ N in the coastal region 
of western Tabasco State and northern Chiapas State 
(Figure 1). It has a predominantly tropical lowland 
monsoon climate, type Am in the Koeppen 
classification system, with average annual 
precipitation ranging from slightly more than 
1500  mm to 2500 mm and an average annual 
temperature of approximately 26 °C. It has three 
seasonal periods: 1) a relatively dry, hot season (mean 
temperatures of 28 - 30 °C, precipitation of about 
50 mm month-1), 2) a warm to hot rainy season (mean 
temperatures of about 27 °C, precipitation of 250 to 
400 mm month-1), and 3) a season of “Nortes” 
(Northerns), or cold fronts (mean temperature of 
24 °C, precipitation of 80 - 150 mm month-1), (West, 
et al., 1985). 

The study area consists of a recent coastal plain 
and a broad deltaic region bordered by Pleistocene 
alluvial terraces (Figure 2). The northern part of the 
study area consists of a recent coastal plain made up 
of a coastal sandy fringe and older beach dunes farther 
inland running roughly parallel to the coast. Slightly 
inland (to the south) lies a transition zone between the 
recent coastal plain and a recent alluvial plain. This 
transition area is characterized by coastal lagoons and 
mangrove jungle. Soil types in this area are 
characteristically organic or have organic surface 
horizons.   Farther  inland,   the  recent  alluvial   plain  

 

 
Figure 1.  Location of study area. 
Modified from: MS Encarta, Virtual Globe, 1998. Microsoft Corp. 
Redmond, WA. 

begins which consists of rich alluvial soils and marshy 
or swampy backwaters and lakes between a series of 
active and inactive river channels. The higher parts of 
this plain support intensive agriculture and ranching, 
while in the flooded or floodable areas, wooded 
swamp jungles and marshes predominate, many of 
which are located over organic or organic enriched 
soils. The Pleistocene alluvial terraces bordering the 
recent alluvial plain consist of higher, hilly areas with 
very weathered reddish, acidic, clayey soils (West, et 
al., 1985; Palma-López and Cisneros, 1996).   

Petroleum is extracted in all parts of the study area 
but its extraction is more intense in marshy and hilly 
areas. Frequent contamination sources are 1) corroded 
or ruptured pipelines, 2) inverse (oil base) drilling 
mud, and 3) discharges from refineries, basic 
petrochemical (gas) plants, and separation batteries 
(see Adams, et al., 1999, for a more extensive 
description of oil pollution sources, extent, etc.).   

 
METHODOLOGY 

 
Sampling 

 
Sampling was conducted to obtain soils 

representative of the southeastern petroleum-
producing region, especially with respect to 
geomorphology, ecosystems, hydrocarbon 
contamination and land use. A sampling plan was 
developed based on preliminary site visits and studies 
conducted in soil science, geomorphology and soil 
contamination of the region (Palma, et al., 1985; 
Adams, et al., 1995; Palma-López and Cisneros, 
1996). A total of 19 samples were collected from nine 
different sites in the following ecosystems and 
agroecosystems: savannah, coastal sandy fringe 
(coconut plantation), coastal sandy fringe (pasture), 
alluvial soils (pasture, sugar cane, cacao plantation), 
marsh (papyrus/popay/cattail), marsh/seasonal 
pasture, mangrove swamp, and marsh (cattail). These 
samples correspond to soils tentatively identified as: 
Chromic Luvisol, Dystric Regosol, Eutric Regosol, 
Eutric Fluvisol, Gleysol (histic epipedon), Vertisol 
(mollic epipedon), Histosol (saline, hemic material), 
and Histosol (fibric material), according to the 
classification system proposed by Palma et al., 1985. 
[Later classification systems (Palma-López and 
Cisneros, 1996) do not differentiate between Dystric 
and Eutric Regosols, which was considered important 
to  this  study.]  Samples  were   also   collected   from 
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petroleum waste pits containing spent drilling mud 
and contaminated cuttings. During sampling, data 
were recorded regarding ecosystem type, soil use, soil 
color, texture, organic material, and petroleum 
contamination.  Surface samples were taken to a depth 
of 20 to 30 cm, using a posthole digger and shovel. 
Soils were mixed well and kept at ambient conditions 
until testing for microbial respiration (usually within 
24 h). Some soils required draining for two to four 
days prior to testing, to reduce soil moisture to 
approximately 75% of soil water holding capacity. 
 
Testing for Chemical and Physical Soil 
Characteristics 
 

Soils were tested for pH, electric conductivity, and 
organic carbon concentration.  Additionally, soils 
were color characterized using a Munsell soil color 
chart. 
pH testing.  pH was tested using a 1:1 ratio by weight 
with distilled water and the pH measured using a pH 
meter and electrode calibrated with pH 4.0, 7.0, and 
10.0 standards. 
Electric conductivity. Moist soil samples were 
diluted 1:10 with distilled water, mixed well, and 
filtered with Whatman # 4 filter paper. The filtered 
liquid was tested using a conductivity meter, a 
conductivity electrode and standards. 
Organic carbon content.  Organic carbon content 
was determined using a modified Walkley-Black 
(1934) method. Ten grams of dry soil were placed in 
600 mL breaker to which 10 mL of 1N K2Cr2O7 and 
20 mL of 96% H2PO4 was added. Subsequently, 
200 mL of distilled water and three drops of 
diphenylamine indicator, and 2 to 3 mL of 
0.95 N H3PO4 was added.  This mixture was titrated 
with a 0.95 N solution of Fe2SO4. Two blanks, 
consisting of 10 mL 1N K2Cr2O7, 20 mL of 96% 
H2PO4, and 200 mL of distilled water were included 
in each set of analyses. 
 
Microbial Respiration Activity Measurement  
 

A modified Stotzky (1965) method was used for 
this determination. Approximately 250 g of moist soil 
(or drilling mud), air dried to about 50-75% field 
capacity was added to glass jars (750 mL) with butyl 
rubber seals. An alkaline trap consisting of a 100 mL 
beaker containing 15 mL of 2 N KOH was placed in 
each jar,  on top of the soil.  The jars were  sealed  and  

incubated at 28 °C for 18 h. Subsequently, 10 mL of 
the solution in the trap was added to 25 mL of 
2 N BaCl2 and three drops of phenolphthalein 
indicator (1% solution in 96% ethanol). This mixture 
was titrated with 0.5 N HCl to neutrality. Values were 
calculated by difference from blank jars incubated 
with clean gravel instead of soil. Samples, indicating 
the presence of carbonates (effervescence upon 
addition of 10% H2SO4), were prepared as above and 
with autoclaved replicates; biological carbon dioxide 
production was determined by difference. In soils with 
extremely low carbon dioxide production, the 
incubation period was extended for three to seven 
days. 

 
Toxicity Testing  
 

Preliminary tests were conducted on some 
samples for acute toxicity of leachates using the 
Microtox Basic Test Procedure. This test uses 
bioluminescent (light producing) marine bacteria as 
the test organism. Dilutions of a sample are exposed 
to a standardized bacterial culture and reduction in the 
light output is measured with equipment similar to a 
spectrophotometer. A dose/response curve is 
generated and the concentration of sample, which 
reduces the bioluminescence 50%, is calculated 
(effective concentration 50, or EC50). Moist samples 
were diluted 1:10 with distilled water, mixed well and 
allowed to settle overnight. The following day, a small 
amount of the surface liquid was tested according to 
the manufacture’s instructions. Very turbid samples of 
leachate were filtered with a Whatman # 4 filter prior 
to testing (Microbics Corporation, 1995). 

 
RESULTS AND DISCUSSION 

 
Environmental Conditions and Field Observations 

 
Sample location and field observations are shown 

in Table 1. As can be seen in the table, a variety of 
soil types and drilling cuttings were sampled, 
representative of the majority of soil types likely to be 
impacted by petroleum activities in the study area. 
Samples were collected to evaluate differences due to 
natural aeration, fertility, agricultural use, and oil 
contamination. These samples included: 
- soils with predominantly sandy (Samples 3, 4, 
and  6), clayey (Samples 1, 14, and 15), or organic 
(Samples 12, 13, 16, 17, 18, and 19)  surface horizons; 
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Table 1. Sample locations and field observations. 
 

Sample    Location Environmental 
conditions 

Texture and organic material Color† Tentative classification 

1 Cactus Oil Field, 
No. 61A 
Reforma, Chiapas 

sparse pasture, 
savannah 

clay accumulation with depth, 
slightly organic enriched  
near surface 

7.5YR 5/8 
deep brown 

Chromic Luvisol 

  2M‡  drilling mud  
waste pit 

very clayey, strong  
hydrocarbon odor 

2.5 YR 4/4 
olive brown 

oil base drilling muds and 
cuttings 
 

3 Puerto Ceiba Oil 
Field, No. 101 

coconut plantation very sandy, slight accumulation 
of coconut fibers 

2.5Y 3/3 
dark olive brown 

Dystric Regosol 
 

4 Paraíso, Tabasco low-lying area, 
very weedy,  
near burn pit 

very sandy, hydrocarbon 
contaminated 

10YR 2/2 and  
2.5Y 3/3 

dark olive brown 
(mixture) 

Dystric Regosol, 
contaminated 

5M  drilling mud  
waste pit 

very clayey, strong hydrocarbon 
odor 

10YR 3/3 
dark brown 

oil base drilling muds and 
cuttings 
 

6 Luna Oil Field, 
No. 22 
Frontera, Tab. 

dense pasture very sandy, many fine organic 
particles 

10YR 3/6 
dark yellowish 

brown 

Eutric Regosol 
 

7M  drilling mud  
waste pit 

very clayey, strong hydrocarbon 
odor 

10YR 4/2 
dark greyish brown 

oil base drilling muds and 
cuttings 
 

8 Samaria Oil Field, 
No. 129 
Cunduacán, 
Tabasco 

dense pasture, near 
Samaria River 

fine to medium texture, 
accumulation of clay and organic 
material 

10YR 3/2 
very dark greyish 

brown 

Eutric Fluvisol 
 

9M  drilling mud  
waste pit 

very clayey, strong hydrocarbon 
odor 

2.5Y 4/4 
olive brown 

oil base drilling muds and 
cuttings 
 

10 Rancho Chonita 
Comalcalco, 
Tabasco 

sugar cane 
plantation, near 
Seco River 

fine to medium texture, slightly 
compacted, small amount of 
charred organic material 

10YR 4/3 
dark brown 

Eutric Fluvisol 
 

11  cacao plantation, 
near Seco River 

fine to medium texture 
 

10YR 4/6 
dark yellowish 

brown 

Eutric Fluvisol 
 

12 V. Benito Juárez, 7 
km  
N. of Federal 
Highway No. 180, 
Tabasco 

cattail marsh rooty organic material, below 15 
to 20 cm clayey with gleying 
(yellowish) mottles 

10YR 4/4  
dark yellowish 

brown 
(mixture) 

 

Gleysol, histic epipedon 

13 Sánchez 
Magallanes Oil 
Field, No. 159, 
Benito Juárez, Tab. 
 

perturbed marsh rooty organic material, below 
30 cm clayey with black spots 
and hydrocarbon odor 

10Y 2/2 
very dark brown 

Gleysol, histic epipedon  
contaminated  

14 Mecoacán Oil 
Field, No. 79 
Mecoacán, 
Tabasco 

seasonally flooded 
area 

fine texture, dark color, below 
30 cm, lighter very clayey,  
gilgai microrelief  (dry) 
 

5Y 3/1 
very dark gray 

Vertisol, 
 mollic epipedon 

15  floodable area, 
slightly 
contaminated 

fine texture, dark color, below 
30 cm lighter, very clayey, slight 
hydrocarbon odor 

5YR 2.5/1 
black 

Vertisol, 
mollic epipedon, 
slightly contaminated 
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Table 1.  Sample locations and field observations  (continued). 
 

16 Mecoacán Oil 
Field, No. 14 
Mecoacán, 
Tabasco 

black mangrove fine to medium partially 
decomposed organic material 

5YR 2.5/1 
black 

Histosol, hemic material 

17 Mecoacán Oil 
Field, No. 51 
Mecoacán, 
Tabasco 
 

black mangrove, in 
“kill zone” 

fine to medium partially 
decomposed organic material black 
spots, hydrocarbon odor 
 

5YR .5/1 
black 

Histosol, hemic material, 
hydrocarbon contaminated 

18 Mecoacán Oil 
Field, No. 48 
Mecoacán, 
Tabasco 

cattail marsh rooty organic material, (depth 
> 1 m) 

10 YR 3/1 
very dark gray 

Histosol, fibric material 

19 Mecoacán Oil 
Field, No. 47 
Mecoacán, 
Tabasco 
 

stunted cattail 
marsh, 
contaminated 

rooty organic material,(depth 
> 1 m),  black spots and strong 
hydrocarbon odor 

7.5 YR 2/0 
black 

Histosol, fibric material, 
contaminated 

† According to the Munsell color coding system.  ‡ M denotes drilling Mud/cuttings sample. 

 
- soils in predominantly undisturbed conditions 
(Samples 12, 16, and 18), as well as soils from pasture 
(Samples 1, 6, 8, 14, and 15) and agricultural areas 
(Samples 3, 10, and 11); 
- rich alluvial soils (Samples 8, 10, and 11) with both 
intense agricultural and low intensity pasture use; 
- samples of the same soil type but with and without 
petroleum contamination in both sandy (Samples 3 
and 4), clayey (Samples 14 and 15), and organic 
(Samples 12 and 13, 16 and 17, 18 and 19) surface 
horizons; 
- samples of drilling mud/cuttings from various sites 
(Samples 2M, 5M, 7M, and 9M) 

 
Chemical and Physical Characteristics 
 

The physical and chemical properties of the 
samples collected are presented in Table 2. As shown 
in the table, the samples displayed a variety of pH 
values from < 4.0 in acidic savannah soils, from 4.0 to 
6.0 in marshy areas to near neutral in pasture and 
agricultural soils. The electric conductivity was also 
variable, being very high in mangrove soils (approx. 
6  to 26 dS m-1), marginally high in some drilling 
cuttings and marshy areas (2.7 to 4.6 dS m-1), but 
relatively low (< 0.1 to 1.2 dS m-1) in most samples.   

Organic carbon percentage was also variable, 
ranging from approx. 0.6% in savannah soils and 
coastal sandy soils, slightly higher in alluvial soils 
(0.8 to 1.0%), and high to very high in soils with 
mollic or histic epipedons (> 1.0 to 21.2%), being 
highest in organic mangrove soils and fibric marsh 

soils. With respect to determination of organic carbon 
in the organic soils, it is possible that the amount of 
reagents were not sufficient for complete digestion of 
the high levels of organic material. The samples from 
mangrove (Sample 16) and cattail marsh (Sample 18) 
appeared to be almost completely organic material, 
and should have presented much higher organic 
carbon concentrations. In future studies, combustion 
methods (Kalra and Maynard, 1991; Tabatabai, 1996), 
would be more appropriate for these organic soils. 
 
Microbial Respiration 
 

The results of microbial activity in the different 
samples are shown in Figure 3. Pairs of samples are 
shown comparing respiration rates in uncontaminated 
and contaminated samples (or drilling cuttings) from 
the same location. These results are based on a limited 
number of samples from a variable medium (soil), and 
are not amenable to statistical analysis; however, 
some trends can be observed. In almost all the 
uncontaminated/contaminated pairs investigated, 
respiration rate was higher in the contaminated 
sample. This is probably due to increased organic 
carbon nutrients from the petroleum hydrocarbons 
present in the samples. The exception to this trend is 
in sample number 18/19 pair, in which the respiration 
rate was 38% lower in the contaminated soil. This 
may be due to reduced aeration caused by the very 
high hydrocarbon concentrations in Sample 19 (this 
sample did not present toxicity). The area where 
this  sample  was  collected  had stunted vegetation, an  
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Table 2.  Chemical properties in soils and drilling cuttings. 
 

Sample Tentative classification 
and ecosystem 

pH EC†  Organic 

    C 

   dS m -1     % 

  1 Chromic Luvisol, 
savannah 

3.95 0.151   0.59 

  2M Drilling cutting 7.11 0.713   3.15 
  3 Dystric Regosol, coconut 

plantation (coastal) 
7.19 0.068   0.80 

  4 Dystric Regosol, 
contaminated 

6.74 0.067   0.60 

  5M Drilling cutting 6.17 4.61   5.21 
  6 Eutric Regosol, pasture 

(coastal) 
5.82 0.113   0.61 

  7M Drilling cutting 7.25 1.18   2.32 
  8 Eutric Fluvisol, pasture 6.68 0.174   0.84 
  9M Drilling cutting 7.47 0.216   3.05 
10 Eutric Fluvisol, sugar 

cane 
6.90 0.058   0.80 

11 Eutric Fluvisol, cacao 
plantation 

6.40 0.060   0.98 

12 Mollic Gleysol, marsh 
(papyrus, popay, cattail) 

4.54 0.226   1.16 

 histic epipedon    
13 Mollic Gleysol, 

contaminated marsh 
4.69 0.612   4.41 

 histic epipedon    
14 Mollic Vertisol, 

marsh/seasonal pasture 
5.71 0.806   4.21 

15 Mollic Vertisol, 
contaminated 
marsh/pasture 

5.14 0.750   ND‡ 

16 Histosol (saline), 
mangrove  

5.35 25.9 11.85 

 hemic epipedon    
17 Histosol (saline), 

contaminated mangrove 
5.57 6.51   ND 

 hemic epipedon    
18 Histosol, cattail marsh 4.56 2.68 21.2 
 fibric epipedon    
19 Histosol, contaminated 

cattail marsh 
5.01 0.80   ND 

 fibric epipedon    
† EC = electrical conductivity.  ‡ ND = not determined. 

 
altered floristic composition, and appeared to be the 
most contaminated of the samples collected 
(organoleptic observations). Drilling cuttings also 
showed moderate to high respiration rates in most 
samples, except in Sample 2. (Possible reasons for 
these differences are discussed in the section on 
toxicity.)   

Interestingly, the samples in Fluvisols with intense 
agricultural use (Samples 10 and 11) showed reduced 
respiration rates in comparison with Fluvisols with 
pasture, probably due to soil degradation from intense 
use and inadequate or inappropriate management. 

Other soils with low respiration rates included the 
sandy Dystric Regosol, and the savannah soil 
(Chromic Luvisol), both typically low in nutrients. 

A relation between respiration rates and organic 
carbon concentration is shown in Figure 4. In this 
figure, a general trend is observed toward increased 
respiration rates with increased organic carbon 
concentrations up to a point, beyond which the rate of 
increase in respiration with respect to percent organic 
carbon is reduced, in samples with relatively high 
concentrations of organic carbon (for example, in 
Sample 13, which had a histic epipedon, and in 
Samples 16 and 18, both from organic soils). Very 
clayey samples (from the Vertisol and drilling 
cuttings) are exceptions to this trend, having reduced 
respiration rates, probably due to reduced aeration in 
the samples.  

Further interpretation of these results is shown in 
Figure 5, which compares ratios of microbial 
respiration/% organic carbon (R/C) in different soil 
types. As shown, sandy Regosols, Fluvisols and soils 
with histic epipedons tend to have high R/C ratios. 
Excluding samples with intense agricultural use, the 
average R/C ratio in these samples was 73% higher 
than the general average (2.1 vs. 1.2). It is probable 
that the high ratios in Regosols are due to very good 
aeration, whereas in Fluvisols and soils with organic 
epipedons it is likely due to a combination of 
moderately good aeration and high available nutrient 
concentrations. Notable exceptions to this trend are 
Samples 10 and 11, Fluvisols with intense agricultural 
use, and Sample 13, a contaminated soil with a histic 
epipedon. With respect to the agricultural Fluvisols, 
reduced R/C values are likely due principally to 
degraded soil conditions: although not showing 
reduced organic carbon concentrations, they may 
suffer from compaction and/or inorganic nutrient 
depletion.   

It is interesting to note that although moderately 
contaminated soils with histic epipedons tend to have 
higher respiration rates than their uncontaminated 
counterparts, they may have lower R/C ratios 
(compare Samples 12 and 13, which show a 
difference of 68%). This may be due to reduced 
aeration in such soils that frequently have such 
problems, or alternatively, to low concentrations of 
inorganic nutrients in relation to the increased carbon 
from the petroleum hydrocarbons.   

Low ratios were also observed in some very 
clayey soils, such as the Vertisol, the low 
nutrient,  clayey  savannah  sample,  and some drilling  
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 Uncontaminated soil  Contaminated soil 
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Drilling cuttings 

1  Chromic luvisol 8  Eutric fluvisol 14  Mollic vertisol 

2M  Drilling cutting 9M  Drilling cutting 15  Mollic vertisol, slightly contaminated 

3  Distric regosol 10  Eutric fluvisol (sugar cane) 16  Histosol (hemic, saline) 

4  Distric regosol, contaminated 11  Eutric fluvisol (cacao) 17  Histosol (hemic, saline), contaminated 

5M  Drilling cutting 12  Mollic gleysol (histic epipedon) 18  Histosol (fibric) 

6  Eutric regosol 13  M. gleysol (histic), contaminated 19  Histosol (fibric), very contaminated 

7  Drilling cutting   

 
Figure 3.  Microbial respiration in different soil types and drilling cuttings from southeastern Mexico. 

 

 
mud/cuttings samples (2M, 5M), probably due to low 
aeration. Other drilling mud/cuttings samples (7M, 
9M) showed slightly higher ratios. The reason for this 
is not certain, but may be the result of slightly better 
aeration and/or increased nitrogen content [if amide 
compounds were added to this drilling mud, as is 
frequently done to reduce moisture losses while 
drilling through saline subsurface strata (Salazar and 
Garcilazo, 1996)]. 

Samples with relatively high percentages of 
organic carbon were not in a comparison range with 
other samples and low R/C values were observed. It is 
probable that the ratio of carbon to other nutrients was 
much lower in these samples due to the principally 
undecomposed nature of the organic carbon in them, 

and although respiration rates in themselves were 
high, R/C ratios were low. It is interesting to note that 
the sample from the mangrove area (Sample 16), 
which had a high ion concentration (EC = 25.9 
dS  m-1) and probably had relatively high 
concentrations of some inorganic nutrients, showed an 
R/C ratio of more than double that of the other sample 
with high organic carbon (Sample 18) which was 
collected from a cattail marsh. 

 
Toxicity 
 

Preliminary tests for toxicity were realized in soils 
from savannah, coastal sandy soils, alluvial soils, 
cattail  marsh,  mangrove,  as  well  as several samples  
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Figure 4.  Relationship between organic carbon and microbial 
respiration. 
 
 
from drilling mud/cuttings. All soil samples tested 
(Samples 1, 3, 4, 8, 16, 17, 18, 19) were below 
detection limits (EC50 > 45 500 mg kg-1, field weight), 
although some of the drilling cutting samples did 
show some toxicity. Of these samples, 2M did not 
present toxicity but samples 5M and 9M had moderate 
toxicity (EC50 = 30 800 mg kg-1 and 43 300 mg kg-1, 
respectively). (Sample 7M was not tested.) It is 
interesting to note that those drilling cutting samples 
with measurable toxicity showed much higher 
respiration rates (more than double) than the sample 
without measurable toxicity. It is possible that these 
samples had increased amounts of nitrogen rich 
additives (from the drilling mud) that stimulated the 
utilization of hydrocarbons in the cuttings and 
increased microbial respiration. Apparently, the 
higher toxicity did not seriously affect respiration 
rates, although it is possible that without the added 
toxicity these values would have been even higher. 
The respiration rate in the least toxic of these samples 
(9M) was 22% higher and the R/C ratio was more 
than twice as high as the most toxic sample (5M) in 
these preliminary tests. 

 
CONCLUSIONS 

 
Respiration rates were observed in regional soils 

that are comparable with those observed by other 
investigators in temperate conditions (Frankenburger 
and Dick, 1983; El-Din Sharabi and Bartha, 1993). 
Under aerobic conditions, like those produced in 

bioremediation projects, microbial activity 
(respiration) in regional soils tends to be associated 
with higher percent organic carbon, moderate 
hydrocarbon contamination, and good aeration. 
Factors that tend to reduce microbial respiration are 
poor aeration due to fine texture or hydrocarbon 
contamination, and poor nutrient levels due to natural 
factors or poor management. In drilling cuttings, 
respiration rates may be as high as in uncontaminated 
soils and microbial activity may be stimulated due to 
nitrogen rich drilling additives. Toxicity in soil or 
drilling cuttings does not appear to be an important 
factor in reducing microbial respiration. 

Assuming that respiration is a reasonable indicator 
of microbial activity under aerobic conditions 
(Frankenburger and Dick, 1983; Atlas and Bartha, 
1987; El-Din Sharabi and Bartha, 1993), these data 
indicate that bioremediation projects managed under 
aerobic conditions are possible for soils and drilling 
mud from essentially all ecosystems studied. 
However, bioremediation should be more difficult in 
soils with fine textures, such as Vertisols (floodable 
pasture), drilling mud/cuttings, and possibly some 
Gleysols with very high clay concentrations (marsh), 
due to difficulties in aeration. For bioremediation 
projects in these ecosystems and agroecosystems (and 
for drilling wastes) incorporating soil conditioners, 
which increase aeration such as sand, agricultural 
waste (cacao husks, banana waste, etc.) or other 
vegetable materials could be very beneficial (Adams 
and Rodríguez, 1997). Also, increased nutrient 
amendment will probably increase microbial activity 
in the bioremediation nutrient-poor soils such as some 
sandy coastal soils, savannah soils, poorly managed 
agricultural alluvial soils, and possibly some drilling 
cuttings. Despite these complications, generally high 
temperatures and humidity (26 °C, 1500 to 2500 
mm yr-1) should favor biodegradation rates and reduce 
treatment times (West et al., 1985; King et al., 1992; 
Adams et al., 1999). 

From these data generally good conditions would 
be expected for passive bioremediation (or natural 
attenuation) in aerobic conditions, such as those 
typically found in Eutric Regosols and many 
Fluvisols, but may encounter reduced biodegradation 
rates in soils with low nutrient levels, such as in 
savannah soils, some sandy coastal soils, and in 
poorly managed agricultural soils. Problems with 
aeration and reduced natural biodegradation in 
fine-textured soils (Vertisols, Gleysols, and 
some  Fluvisols)  and  in areas with drainage problems  
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Figure 5.  Respiration/organic carbon ratio in different soil types and drilling cuttings from Southeastern Mexico. 

 
 

(marsh, mangrove, seasonally flooded areas) could 
also be expected. Very heavy contamination may lead 
to reduced biodegradation rates, due more to reduced 
aeration than to toxicity. However, as with induced 
bioremediation, high temperature and humidity will 
also improve natural biodegradation rates and promote 
passive restoration (Atlas and Bartha, 1987; Brock et 
al., 1994). 
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