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Evaluation of Drinking Water Quality Related to Petroleum Exploration
and Production Activities in the Oriente Region of Ecuador
Introduction
This paper presents an assessment of analytical results of drinking water samples collected from the
former Petroecuador-Texaco Petroleum (Texpet) concession area in the Oriente Region of Ecuador. The
focus of this paper is an assessment of possible impacts of petroleum exploration and production on
drinking water with an emphasis on assessing public health implications. Figure 1 indicates the former
concession area in the Oriente region in Ecuador.
Chevron and others compiled the water quality data
reviewed for this paper. The majority of the
information was provided to the "Centro del Agua del
Tropico Humedo para America Latina y el Caribe"
(Water Center for the Humid Tropics of Latin America
and the Caribbean), known by its Spanish acronym
"CATHALAC." In addition, information collected from
sampling of public water supply systems by Chevron
and data from independent studies are reviewed and
summarized as well. All of the information is
included in "Responses to Statements by Mr. Cabrera
Regarding Alleged Impacts to Water Resources in the
Petroecuador-Texaco Concession Area" Connor, John
and Landazuri, Roberto, August 29, 2008. Summary
Pen)

information on the results and protocols for
collection and laboratory analysis is provided below.

Summary of Results
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1. Location (}f form~r Petro.ecuadorTexpet concession area in the .Oriente Region
of ~!=lJador

The data from these studies substantiate that
petroleum-related, exploration and production
activities are not a factor in the quality of drinking
water in the former concession area. Consequently,

there is no evidence of related public health concerns associated with the drinking water and these
activities.
There have been a number of sanitary investigations of water quality in this same area and reported
elsewhere (Summarized in "Responses to Statements by Mr. Cabrera Regarding Alleged Impacts to
Water Resources in the Petroecuador-Texaco Concession Area" Connor, John and Landazuri, Roberto,

August 29, 2008). These surveys have identified public health concerns and risks related to bacterial and
other pathogenic organisms. The findings of bacteria and pathogens in the drinking water are not
related to petroleum exploration and production and are not relevant to a discussion concerning public

health and the state of water quality as it relates to exploration and production activities. As stated
above, this paper deals with petroleum-related constituents, including petroleum hydrocarbons and
metals.

Evaluation Considerations
To assess public health aspects of drinking water, there are a number of considerations that need to be
addressed to assure accurate and meaningful results. Three of the more important considerations are
the following:
•

Appropriate sampling

•

Appropriate analyses

•

Health based standards and criteria for comparison

The following discusses each of these topics.

Appropriate Sampling
The sampling guidelines for the collection, preparation, storage and chain of custody of samples are
detailed in the Sampling Plan for Environmental Assessment of Judicial Inspection Sites, Oriente Region,
Ecuador. The Sampling Plan was prepared in accordance with applicable regulations and guidance from
the u.S. Environmental Protection Agency (USEPA) regarding sampling of environmental media (USEPA,
1996,2002) 1,3. The Sampling Plan was jointly developed by Chevron and the Plaintiffs in the Maria
Aguinda et al. versus Chevron litigation.
An important issue when interpreting water quality data is validation of the chain of custody. The chain
of custody documents the collection, transport and handling of samples from the sample location to and
through the laboratory. Without a valid chain of custody, the results are not acceptable for a
professional review. In this case, the chain of custody records were reviewed and were found to be in
order.

Appropriate Analytical Methods
The laboratory analytical methods are detailed in the Analysis Plan for Environmental Assessment of
Judicial Inspection Sites, Oriente Region, Ecuador. The Analysis Plan presents appropriate laboratory
procedures for analyzing soil, water, sheen, and hydrocarbon samples. The Analysis Plan was prepared
in accordance with applicable regulations and guidance from the USEPA regarding laboratory analysis of
environmental media (USEPA, 1996, 2001, 2002) 1,2,3. The Analysis Plan was jointly developed by
Chevron and the Plaintiffs in the Maria Aguinda et al. versus Chevron litigation. The protocol used for
these analyses are appropriate for the intent of the investigation, i.e., evaluation of risk to public health,
and to assess possible impact of petroleum exploration and production on drinking water quality.

Health Based Standards for Drinking Water
It is imperative that recognized health based standards for drinking water be used as the criteria to
evaluate drinking water quality and public health risk. The public health criteria used for this evaluation
are based on drinking water standards and guidelines established by the USEPA and the World Health

Organization (WHO). These standards are recognized as protecting public health associated with
drinking water, throughout the world.
Three categories of evaluation criteria were used to evaluate the drinking water analyses: 1) USEPA and
WHO primary standards (known as Maximum Contaminant Limits (MCLs) in the United States), 2) USEPA
and WHO secondary standards or guidelines, and 3) criteria established for constituents for which tests
were run but no public health standards or guidelines exist. Table 1 presents the analytical parameters
and the evaluation criteria used for this review.

Table 1: Analytical parameters included in the analysis of water samples
BTEX, an acronym that stands for the following compounds:

•
•

Benzene

1

Toluene

1

•
•

Ethylbenzene

1

Xylene (total)

1

Polycyclic Aromatic Hydrocarbons (PAHs)
2

•

Acenaphthene

•

Acenaphthylene

•
•
•

Anthracene

2

2

Benzo (a) anthracene
Benzo (a) pyrene

2

1

•
•
•
•
•

Benzo (b) fluoranthene
Benzo (ghi) perylene

2

Benzo (k) fluoranthene
Chrysene

2

2

2

Dibenzo (a,h) anthracene

2

2

•
•

Fluoranthene

•

Indeno (l,2,3-cd) pyrene

•
•
•

Naphthalene

Fluorene

2

2

Phenanthrene
pyrene

2

2

2

Total Petroleum Hydrocarbons (TPH) 4

•

•

Diesel Range Organics 4

Gasoline Range Organics 4

Inorganics indicative of possible production water contamination

•
•
•
•

Barium

1

Cadmium

1

Chromium
Copper

l

1

•
•
•

Nickell

•

Vanadium

lead

1

Mercury 1

•

Zinc

•
•

Chloride

1

3

Total Dissolved Solids 3

2

1

These constituents have Maximum Contaminant limits established by the USEPA and/or the WHO

2

Criteria established by application of EPA method for risk assessment

3 Secondary standards established by the USEPA for aesthetic and acceptability reasons, not directly public health
4

TPH including diesel range organics and gasoline range organics do not have health based standards established

by the USEPA or WHO, nor is it reasonable to establish aesthetic or public health standards since these are nonspecific measurements. A 0.5 mg/l criterion was used as suggested by the Ecuadorian government as a level that
might indicate petroleum impacts on drinking water.

The EPA and WHO primary drinking water standards (MCLs, as indicated by footnote number 1) are to
be met at all times for protection of public health. The MCL values selected for this evaluation are the
most stringent of the USEPA and WHO values (Le., the lowest concentration).
Secondary standards (indicated by a footnote number 3) are to be used as guidelines. They are not
public health related; rather, they are established as aesthetic criteria, such as taste and appearance.

There were constituents included in the analytical suite that do not have primary or secondary
standards (indicated in Table 1 with footnote number 2). Fifteen ofthe parameters are organics
associated with petroleum and one was the metal vanadium. They were included to assist in evaluating
possible impacts from exploration and production activities. Evaluation criteria were established for
these constituents based on the EPA methodology for setting primary health standards. This approach
further supports assessment of public health implications.
One additional parameter included in the analytical suite is Total Petroleum Hydrocarbon (TPH,
indicated with footnote 4 in Table 1). This is not a specific compound but is simply a measure of
hydrocarbons with molecular weights in the range of diesel and gasoline hydrocarbons. There are no
public health implications associated with this measurement. WHO considered but did not set a health
standard for TPH due to the non-specificity of the measurement (Petroleum Products in Drinking-water,
Background document for development of WHO Guidelines for Drinking-water Quality, World Health
Organization 2005). It is a possible indication of petroleum contamination of water (when appropriate
analytical methods are employed); thus, it is included in this evaluation.

Results and Assessment
The following presents a summary of the data reviewed and provides an assessment of public health
implications. Between 2004 and 2007, drinking water samples were collected during 253 sampling
events from over 80 locations across the former concession area. This information was presented by
Connor, J. and R. Landazuri, 2008 as cited above.
Table 2 presents a summary of the data sources, sampling periods, and number of samples. As shown,
there has been extensive sampling and analysis carried out in the former concession area. This review
includes the results from 253 sample events, all samples were collected from drinking water supplies or
sources. Combining the analytical parameters in Table 1 with the number of samples in Table 2, results
in over 7,000 analyses of water quality (not all samples were analyzed for all parameters).
Table 2: Summary of sample count and data sources used for the evaluation of drinking water,
as related to petroleum exploration and production activities in the Oriente Region of Ecuador
Data Sources
Drinking Water Samples
No. of Samples
Judicial Inspections 2004 - 2007 (submitted to
CATHALAC by Chevron)
Visits by Mr. Cabrera 2007, (submitted to
CATHALAC by Chevron)

174
53

Data from Independent Studies 1999 - 2007

7

Sampling of Public Supply Systems May 2008

19

Total

253

The following presents an evaluation of the analytical results based on the following:
•

Public Health Implications of Analytical Results

•

Secondary Public Health Guidelines

•

Additional Analytical Implications

Public Health Implications of
Analytical Results
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Public health concerns relate to drinking
water results when one or more of the

Public Health Related Analyses

analytical results routinely exceed the
MCls listed in Table 1 (identified with a
footnote number 1).

• Within Criteria
iiIII Exceeds Criteria
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Secondary Standard Results

• Within Criteria
iii Exceeds Criteria
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The drinking water findings include 2,759
analytical results for the 13 petroleumrelated constituents having assigned
MCls, i.e., constituents that pose a
possible public health threat. Of these
2,759 results, only one sample
concentration was greater than its MCL.
This sample exceeded the lead criterion of
0.010 mg/L. The value was 0.03 mg/L.
The cause of this exceedance is unknown;
however, this one exceedance does not
indicate a public health risk from
petroleum operations. Production water
and crude oil were tested for lead, and the
resultant concentrations were below the
MCl (BTEX, Polycyclic Aromatic
Hydrocarbon, Trace Metal Content and
Bulk Properties of Crude Oils from
Ecuador, Chevron Texaco Ecuador Project,
Gregory S. Douglas, Ph.D., December 11,
2007). Thus, it is unlikely that the lead is
the result of petroleum exploration and
production activities.

Secondary Public Health Guidelines
There were 513 analyses performed for
~igure

2, All secondary standard results fo ~drin_king water,
2 I DS exceedances and 551 concentrations bel,?~ the
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constituents having secondary standards,
of which two exceeded the TDS criteria of
500 mg/L. No analyses for chloride
exceed its secondary criterion. As stated

above, TDS does not pose a public health risk; it is a human taste and aesthetics measure. TDS is an
indication of dissolved inorganic matter in a water supply. The TDS exceedances were 904 mg/l and
approximately 3600 mg/l (the latter measured as conductivity).

Additional An-a lyticallmplications
Sixteen additional constituents were added to the parameter list to more fully evaluate the possible
impact of exploration and production in the Oriente Region. Fifteen of the parameters are organics
(polycyclic aromatic hydrocarbons (PAHs)) associated with petroleum and one was the metal vanadium.

As described above, the evaluation
criteria for these constituents were
determined following the procedures
used by the USEPA.

Additional Analytical Results

There were 3,866 analyses completed for
these 16 constituents (Figure 4). There
was only one exceedance of the criterion
for the compound Dibenzo (a,h)
• Within Criteria
l1li Exceeds Criteria
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anthracene. A duplicate sample from the
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same sample location resulted in a nondetect value.
Total petroleum hydrocarbons (TPH) were

~

4. One exceedance of Dibenzo(a,hlanthracene

iden.tified ~n 3,866 analyses for additional parameters
~

also evaluated in the drinking water. As
indicated above, there are no public

. ...

health issues associated with this
parameter. Of the 486 analyses for diesel
range and gasoline range organics, only
two were above the 0.5 mg/L criterion. A
repeat sample at one of the locations
resulted in a non-detect for the TPH.

TPH Analyses

There was no repeat sample for the
second analysis.
These results provide additional evidence
that there was no impact on drinking
• Within Criteria
Ii Exceeds Criteria

water supplies by the exploration and
production activities. Consequently, there
would be no human health impacts

-

.

Figure!>~Two samples exc.eeded e~tabJishe'd' criteria for
TPH, a d~piicate analysjs resljlted) n? non-detect.

associated with drinking water in the
former concession area.

Summary
Based on the results of over 7,000
analyses from 253 drinking water sampling events in the Oriente region of Ecuador by Chevron and
others, there is no indication of public health concerns related to drinking water as a result of petroleum
exploration and production activities in the former concession area. The data demonstrate that
petroleum-related contamination is not an issue. Consequently, there is no evidence of related public
health concerns associated with petroleum exploration or production.
Only one analysis in 2,759 analyses exceeded the public health related MCLs. The exceedance was for
lead, which is not related to petroleum exploration and production. Two samples exceeded the

secondary standard (non-health related) for total dissolved solids (TDS). One sample exceeded the
assigned criteria for Dibenzo (a,h) anthracene, however a duplicate analysis resulted in a non-detect.
Two samples exceeded the criterion for TPH. A duplicate sample at one of the two locations resulted in
a non-detect TPH concentration.
The lack of any substantial TPH, PAHs, and metals, and no detections of Benzene, Toluene, Ethylbenzene
and Xylenes in the drinking water, further supports the conclusion that there were no petroleum-related
impacts on drinking water systems in the former concession area. This leads to a conclusion that there
were no public health impacts from drinking water resulting from petroleum exploration and production
activities.
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