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INTRODUCTION

Produced water generated during the production of oil and gas can contain high
concentrations of radionuclides, organics and heavy metals. There are concerns
about potential human health and ecological impacts from the discharge of these
contaminants to the Gulf of Mexico.

Data collected in the United States Department of Energy (USDOE) field study
(Gettleson et al. 1994) are being used in a series of human health and ecological risk
assessments. These assessments will support scientifically-based regulation and risk
management. )

This presentation: summarizes risk assessments performed for produced water
discharges; describes how uncertainties in these assessments are guiding data
collection efforts in the USDOE field study; and outlines ongoing risk assessment
studies.

In these studies, risk assessment is treated as an iterative process. An initial
screening-level assessment is performed to identify important contaminants,
transport and exposure pathways, and parameters. These intermediate results are
used to guide data collection etforts and refinements to the analysis. At this stage in
the analysis, risk is described in terms of probabilities; the uncertainties in each
measured or modeled parameter are considered explicitly.

PHASE I COASTAL RISK ASSESSMENT

A screening-level assessment of the health and environmental risks associated with
the discharge of radium in produced water to coastal Louisiana was performed for
the American Petroleum Institute (Hamilton et al. 1992). This Phase I screening-
level analysis was based on simple models and conservative, worst-case assumptions.
The analysis concluded that no detectable impacts to fishes or shellfish would result
from the discharge of radium in produced waters. The study also suggested that
risks to human health are small, but that there might be important risks (individual
lifetime fatal cancer risk greater than 1 x 107 ) for an individual ingesting a large
amount of seafood harvested near a produced water discharge point over a lifetime.
Estimated population risks were sirmlar to those expected for background radium
concentrations in the Gulf of Mexico.

PHASE II OFFSHORE RISK ASSESSMENT

This human health risk assessment was supported by USDOE, and focused on
radium in offshore oil field discharges to the Gulf of Mexico (Meinhold et al 1993).
The subpopulation most at risk from radium discharged offshore is recreational
fishermen and their families. The exposure route of greatest concern is the
ingestion of radium in fishes caught near the platforms. :
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The analysis was less dependent on simplistic and conservative assumptions than the
Phase I coastal risk assessment and used Monte Carlo methods and distributions of
parameters to produce a probabilistic analysis of risk.

Two approaches were used: a direct assessment and a predictive modeling analysis.
The direct assessment was based on measured concentrations of radium in edible
fish sampled near three shallow offshore platforms, and is assumed to represent a
"worst-case" analysis. The predictive modeling analysis estimated risks associated
with more representative offshore platforms.

Radium in Water and Fish

In the direct assessment, uniform distributions of radium concentrations in fish were

based on field data (Continental Shelf Associates 1992; Steimle & Associates 1992)

{or three)shaﬂow (17, 19 and 22 m depth) offshore platforms in the Gulf of Mexico
Table 1).

For the predictive analysis, a data base for 125 produced water platforms in the Gulf
of Mexico (Stephenson and Supernaw 1990; USEPA 1993) was used to describe the
range of discharge rates and radium discharge concentrations in the Gulf of Mexico.
The Offshore Operators Committee (OOC) model (Brandsma 1983) was used to
estimate the average dilution achieved within a 50 m radius for outfalls in 67 m of
water, discharging 5,000, 15,000 and 25,000 bbl/d. Model results were used to
deirive an empirical relationship between discharge rate (bbl/d) and average
dilution.

In the predictive assessment, a distribution of radium concentration factors was used
to estimate the range of radium concentrations in fishes. These concentration
factors were derived from a field study conducted near coastal discharges in the
Gulf of Mexico (Continental Shelf Associates 1991). Figure 1 shows the predicted
distribution of Ra-226 concentrations in fishes living in the plume. :

Exposure Parameters and Risk Factors

Fish intake rates for recreational fishermen and their families were derived from
data collected by the National Marine Fisheries Service (NMFS 1991). The
parameters and distributions used in the estimation of intake rates for recreational
fishermen are given in Table 2. Figure 2 shows the distribution of the calculated
intake rates for recreational fishermen.

Lognormal distributions of the risk factors for Ra-226 and Ra-228 (individual
lifetime fatal cancer risk per pCi/day) were derived from values developed by the
United States Environmental Protection Agency (USEPA,; Federal Register 1991).

Results

In the direct risk assessment, median individ\éal lifetime fgtal cancer risks to
recreational fishermen ranged from 2.8 x 107 to 7.0 x 107, and the upper 95%
confidence limit ranged from 1.2 x 10°" to 4.0 x 107", Individual lifetime risks
associated with background radium concentrations in fishes were approximately one
order of magnitude smaller. Figure 3 shows the predicted individual lifetime fatal
cancer risk distribution for the platform with the higgest median individual lifetime
fatal cancer risk (South Timbalier, median: 7.0 x 107).
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In the predictive risk assessment, the median incremental individual lifetime fatal
cancer risk for the ingestion of fishes living in the plume was 1.7 x 10/ and the
upper 95% confidence limit was 2.0 x 107, The nsk distribution calculated for
ingestion of fish living in i}ae total cylinder of water surrounding the platform had a
median value of 6.5 x 107*Y,

The results of the predictive assessment represent estimates of the risk distribution
for deep water offshore platforms in Louisiana. These estimates are smaller than
the risks estimated in the direct risk assessment because: 1) the platforms studied in
the direct assessment were in shallower water and larger impacts are expected; and
2) the direct analysis was based on field data that required conservative assumptions
to allow the use of values coded as "less than" the quantitation limit.

UNCERTAINTIES AND THE USDOE FIELD STUDY

An uncertainty/sensitivity analysis was performed to assess the importance of major
uncertainties to the final risk estimates, and to guide further research and data
collection efforts. The most important contributors to uncertainty in the final risk
estimates are: 1) the parameters that contribute to the estimate of the radium
concentration in fish; and 2) the amount of fish caught near produced water
discharges that is ingested by recreational fishermen.

Data collection in the USDOE field study is guided by the need to reduce these
important uncertainties. This field study will improve the data base for human
health and environmental risk assessments by: 1§Jreducing the quantitation limit for
radium measurements in water and edible seafood; 2) increasing the number of
replicate samples; 3) defining background concentrations in water and biota; and 4)
surveying seatood consumption patterns of recreational fishermen.

DATA FOR HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS

Current work is aimed at reviewing and synthesizing data for use in human health
and ecological risk assessments for radionuclides, metals and organics in produced
water discharged to coastal and offshore Louisiana. Data collection and review are
focused on three areas that will support the planned risk assessments: 1) data
describing ingestion rates for recreational fishermen; 2) dose-response relationships
for human health risk assessment; and 3) data to support quantitative and
qualitative ecological risk assessments.

Ingestion Rates for Recreational Fishermen

The USDOE field study includes a survey of recreational and commercial fishermen
in Louisiana and Texas. The survey and associated statistical analyses are being
done by Steimle and Associates, Inc. Results from this study will be used to develop
distributions of the amount of fish caught near coastal and offshore platforms that is
ingested by recreational fishermen.

Dose-response for Human Health Risk

For contaminants of potential concern, USEPA slope factors and reference doses
will be documented and reviewed to identify excessive conservatisms. Where
appropriate, more realistic and up-to-date dose-response relationships and
uncertainty distributions will be developed from the available literature.




Ecological Risk

The current emphasis in this area is to develop a review and synthesis of the
available data to support both quantitative and qualitative ecological risk
assessments. The emphasis is on data relating to impacts on the Gulf of Mexico.

This data synthesis and review is focused on several kinds of information:

o studies of produced water toxicity;
o USEPA water quality criteria and toxicity studies
for individual contaminants;

sediment quality criteria and toxicity studies;
dosimetry for radionuclides;

effects on benthic communities;

histopathologic and genotoxic effects in fish;
commercially important fisheries; and
endangered species and sensitive ecosystems.

ONGOING AND FUTURE RISK ASSESSMENTS
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Risk assessments planned for 1995 and 1996 include an assessment of the human
health and environmental impacts associated with the continuing discharge of
produced water to Louisiana open bays, and offshore. An analysis based on field
studies of the recovery of several sites is also planned to estimate the risk reduction
achieved through the elimination of produced water discharges to coastal Louisiana.

These assessments will be supported by data collected in the USDOE field study
and by the previously described data review. The first assessment performed will be
for the continuing discharge of produced water to Louisiana open bays. Initial steps
in this assessment include: 1) describe available discharge data and discharging
platforms; 2) estimate environmental concentrations of metals, radionuclides and
organics; and 3) perform a conservative screening analysis (both human health and
ecological) to identify important contaminants, pathways and endpoints. For
important contaminants and pathways, a more detailed probabilistic assessment will
be performed. ' .
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Table 1. Uniform distributions of radium concentrations used in direct risk
assessment for the Eugene Island, Ship Shoal and South Timbalier platforms
(Continental Shelf Associates 1992; Steimle & Associates 1992).

Platform Ra-226 (pCi/g) Ra-228 (pCi/g)
mean range mean range -
Eugene Island 008 0-0.16 0365 0-0.73
Ship Shoal 0135 0-027 0.89 0-178
South Timbalier ~ 0.005 0-0.01 135 0-27
Background 0.00s 0-0.01 0.005 0-0.01

* N " ¢ : : gt
.Jnaximum value based on 1/2 a reported "less than quantitation limit" value.

no Ra-226 was detected in fishes at South Timbalier, distribution used is assumed
background distribution.




Table 2. Summary of parameters used to estimate the rate of ingestion for fishes
caught near offshore platforms (means and standard deviations are arithmetic).

PARAMETER

DISTRIBUTION DESCRIPTION

No. of Fish Caught
Weight of Fish (kg)
No. Days Fished (d/yr)
Edible Fraction

Family Size

Maximum Ingestion Rate (g/d)

lognormal, mean: 5.4, sd: 9.2, range: 0.011-116
lognormal, mean: 1.9, sd: 3.0, range: 0.1-24.6
lognormal, mean: 19.5, sd: 29.6, range: 1-251
0.3

data for southern U.S. from USDOC (1989)
150




Figure 1. Predicted distribution of Ra-226 concentration in fishes living in the plume.
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Figure 2. Calculated distribution of ingestion rates for recreational fishermen.
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Figure 3. Predicted individual lifetime fatal cancer risk distribution for recreational
fishermen at South Timbalier.
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