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PREFACE
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) mandates
that the Agency for Toxic Substances and Disease Registry (ATSDR) shall assess whether adequate
information on health effects is available for the priority hazardous substances. Where such information
is not available or under development, ATSDR shall, in cooperation with the National Toxicology
Program (NTP), initiate a program of research to determine these health effects. The Act further directs
that where feasible, ATSDR shall develop methods to determine the health effects of substances in
combination with other substances with which they are commonly found.
To carry out these legislative mandates, ATSDR’s Division of Toxicology and Environmental
Medicine(DTEM) has developed and coordinated a mixtures program that includes trend analysis to
identify the mixtures most often found in environmental media, in vivo and in vitro toxicological testing
of mixtures, quantitative modeling of joint action, and methodological development for assessment of
joint toxicity. These efforts are interrelated. For example, the trend analysis suggests mixtures of
concern for which assessments need to be conducted. If data are not available, further research is
recommended. The data thus generated often contribute to the design, calibration or validation of the
methodology. This pragmatic approach allows identification of pertinent issues and their resolution as
well as enhancement of our understanding of the mechanisms of joint toxic action. All the information
obtained is thus used to enhance existing or developing methods to assess the joint toxic action of
environmental chemicals. Over a number of years, ATSDR scientists in collaboration with mixtures risk
assessors and laboratory scientists have developed approaches for the assessment of the joint toxic action
of chemical mixtures. As part of the mixtures program a series of documents, Interaction Profiles, are
being developed for certain priority mixtures that are of special concern to ATSDR.
The purpose of an Interaction Profile is to evaluate data on the toxicology of the “whole” priority mixture
(if available) and on the joint toxic action of the chemicals in the mixture in order to recommend
approaches for the exposure-based assessment of the potential hazard to public health. Joint toxic action
includes additivity and interactions. A weight-of-evidence approach is commonly used in these
documents to evaluate the influence of interactions in the overall toxicity of the mixture. The weight-of
evidence evaluations are qualitative in nature, although ATSDR recognizes that observations of
toxicological interactions depend greatly on exposure doses and that some interactions appear to have
thresholds. Thus, the interactions are evaluated in a qualitative manner to provide a sense of what
influence the interactions may have when they do occur.
ATSDR will use the following process for the development of interaction profiles:
• ATSDR will select substances/chemicals for development of interaction profiles through
inter/intra agency communications and literature reviews.
• After the selection, a letter will be sent to individuals and agencies on ATSDR’s mailing list
providing notice of ATSDR’s intent to create an interaction profile.
• A notice will also be posted in the Federal Register to inform the public of ATSDR’s intent to
develop a particular interaction profile.
• The draft interaction profile will undergo both internal and external peer review processes.
• A Federal Register notice will announce the release of the official draft for public comment.
• ATSDR will post a link to the draft interaction profile on its Website, giving the public an
opportunity to provide comments.
• ATSDR will review all public comments and revise the draft, as appropriate, before issuing the
final version.
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SUMMARY
Chlorpyrifos, lead, and mercury/methylmercury were chosen as the subject for this interaction profile
because of the likelihood of co-exposure and because of concerns about neurological effects in children
co-exposed to these chemicals. Chlorpyrifos is an organophosphorus insecticide widely used for
agricultural and indoor and outdoor residential applications in the United States. Its use, however, is being
phased out. Mercury (metallic and inorganic) and lead are released to the environment from hazardous
waste sites and from mining, smelting, and industrial activities. Metallic and inorganic mercury can be
transformed by microorganisms into methylmercury, which bioaccumulates in the food chain. For the
general population, and particularly for subsistence fishers and hunters, the most important pathway of
exposure to mercury is ingestion of methylmercury in foods. Fish (including tuna, a food commonly eaten
by children), other seafood, and marine mammals contain the highest concentrations. Lead, present in the
environment primarily as divalent lead compounds, also contaminates the environment due to its release
from mining and from deteriorating lead paint and its historical use in gasoline.
No pertinent health effects data or physiologically-based pharmacokinetic (PBPK) models were located
for the complete mixture. Therefore, as recommended by ATSDR (2001a) guidance, the exposure-based
screening assessment of potential health hazards for this mixture depends on an evaluation of the health
effects data and mechanistic data for the individual components and on the joint toxic action and
mechanistic data for various combinations of the components. This profile discusses and evaluates the
evidence for joint toxic action among binary mixtures of these chemicals. The profile also recommends
how to incorporate concerns regarding possible interactions or additivity into public health assessments of
people who may be exposed to mixtures of these chemicals.
The primary effect of concern for this mixture is neurological, and the sub-population of concern is
children. Neurological effects are the critical effects for chlorpyrifos, lead, and methylmercury, and
children are known (for lead and methylmercury) or predicted on the basis of animal studies (for
chlorpyrifos) to be more sensitive than adults. Although metallic mercury causes neurological effects
when inhaled, this route is of concern primarily for occupational exposure. Children may be exposed to
metallic mercury if they play with it after finding it in abandoned warehouses or taking it from school
laboratories. Broken thermometers and some electrical switches are other sources of metallic mercury.
Some absorption of metallic mercury occurs from dental amalgam fillings, probably following
volatilization from the fillings. Clear evidence of adverse effects from this pathway of exposure is
lacking, as are joint action studies with the other components of this mixture, so this form of mercury is
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not considered further in the interaction profile. The critical effect of inorganic mercury is on the kidney,
which is not a sensitive target organ for the other components of the mixture.
Recommendations for screening this mixture for potential hazards to public health include estimating the
hazard quotients (ratios of exposures to health guidance values) for the individual components. If only
one or if none of the components has a hazard quotient that is at least 0.1, no further assessment of the
joint toxic action is needed because additivity and/or interactions are unlikely to result in significant
health hazard. If the hazard quotients for two or more of the mixture components equal or exceed 0.1, the
following procedures are recommended. To screen this mixture for potential neurological health hazard,
an endpoint-specific hazard index for neurological effects should be estimated for chlorpyrifos, lead, and
methylmercury. The weight-of-evidence (WOE) analysis for interactions among these components
indicates that joint toxic action is primarily less than additive or additive and, therefore, does not increase
the concern for potential health hazard above that indicated by the hazard index. This diminishes the
concern for hazard indexes only slightly above one. Confidence in these WOE analyses ranges from
medium to medium-low. A separate hazard quotient is recommended to screen for the renal toxicity of
inorganic mercury. The WOE analysis concluded that the influence on the renal toxicity of inorganic
mercury by chlorpyrifos may be less than additive and by lead may be greater than additive, but
confidence in these conclusions was low and, thus, they have little impact on the assessment of potential
hazards.
If the neurological hazard index for chlorpyrifos, lead, and methylmercury is significantly greater than 1,
or if the hazard quotient for inorganic mercury is greater than 1, then further evaluation is needed
(ATSDR 2001a), using biomedical judgment and community-specific health outcome data. Community
health concerns should be considered in further evaluations (ATSDR 1992).
Data needs were identified in this interaction profile especially in the area of mechanistic and
toxicological data pertinent to the influence of inorganic mercury on lead’s neurological toxicity.
Information is also needed regarding the joint toxic action of the three-component sub-mixture
(chlorpyrifos, lead, and methylmercury) of particular concern for neurological effects in children.
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