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PREFJCE 

Xn early 197 5 the u. s. Environmental Protection Agency 
asked the National Research Counci l (NRC) of the National 
Academy of SCiences to prepare a series of comprehensive 
scientific and technical assessment· documents on selected 
multimedia environmental pollutants . These documents were 
to be used by EPA as a basis for preparing scientific and 
Technical Assessment Reports (STARs ) , which in turn would be 
used as the scientific and technical basis for possible 
regulatory action on these pollutants . 

EPA requested that these documents use an environmental 
"mass balance" approach ,  i . e . , that they attempt to ·account 
for the sources , sinks , and receptors for each pollutant as 
it moves through the environment. These documents were also 
to explore the technology and means for controlling the 
pollutant and the resulting costs and benefits . 

Within the NRC, responsibility for the study was 
assigned to the Environmental studies Board of the 
Commission on Natural Resources .  I n  agreeing to undertake 
these studies , the Environmental Studies Board identified an 
additional objective for the assessments that were to be 
made . This was to draw upon the experience gained in these 
assessments to address the broader me thodological problems 
of how such assessments should be done and bow best to use 
the limited resources of sc ienti fic expertise on 
environmental issues to meet EPA's expanding need for 
independent , critica l ,  scientific evaluations of 
environmental pollutants . A Coordinating Committee on 
scientific and Technical Assessments of Environmental 
Pollutants (�EP) was then appointed to overse� panels that 
would undertake these studies and to make recommendations 
regarding the best methodology for producing such 
assessments . 

' 

EPA and NRC agreed upon two initial assessments , one of 
nitrates and the other of a group of compounds , the 
nonfluorinated halomethanes . These pollutants were chosen 
because they pose particularly complicated assessment 
problems , given the current scientific and technical 
knowledge about them. 

ix 
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In september 1976., EPA requested additional aliaeaa'ment 
reports under the S'rAEP study program. The purpose of the 
request was to help meet the requirements of a consent 
agreement between EPA and three litigant groups in which EPA 
agreed to determine the health and ecological effects of a 
number of chemical compounds. The two resulting additional 
STAEP studies are the present report on ltepone., mirex., and 
hexachlorocyclopentadiene., and a report on mercury issued in 
1977. 

This report differs from the initial S'rAEP studies in 
same respects. Firstly., the period of study was aborter 
and., consequently., the scope is narrower: whereas the other 
studies delineate modes of transport., transformation., and 
routes of exposure in addition to assessing the ecological 
and health effects of a given pollutant., this study focuses 
primarily on effects., and only considers those aspects of 
transport., transformation., and routes of exposure that are 
critical to specific organisms and/or systems. secondly., 
this study does not address the coata·and benefits of 
various control technologies. Thirdly., this report is baaed 
primarily on a literature survey that was prepared for EPA 
by another contractor rather than on a survey undertaken by 
tbe Panel itself. 

The S'rAEP Panel on ltepone/Mirex/Rexachloro­
cyclopentadiene was appointed in December 1976 and was 
charged with providing EPA with a critical assessment of the 
available scientific and technical knowledge of the 
ecological and human health effects of Kepone., mirex., and 
hexachlorocyclopentadiene as environmental pollutants. The 
Panel was also to identify areas in which scientific 
evidence is uncertain or too inconclusive to arrive at an 
assessment., and to suggest areas where additional research 
is needed to provide a sounder basis for future regulatory 
action by EPA. 

The principal document used in the effort is one of a 
aeries of •REEPa.,• or �porta on Environmental Effects of 
Pollutants., which have been developed for EPA by various 
contractors to assist the Agency in pursuing ita regulatory 
options. The REEP used by this Panel was The Environmental 
Impact of Mirex and Kepone., prepared by Battelle Columbus 
Laboratories in 1978 for the E� Office of Health and 
Ecological Effects., Office of Research and Development. 
Another document used as a principal reference for this 
report vas Ruman Population Exposures to Mirex and Kepone., 
prepared by B.E. SUta of the Stanford Research Institute in 
1977. Panel members evaluated the portions of these 
documents that relate to their respective disciplines aDd 
they combined their expertise and judgment to interpret and 
assess the implications of the information for the present 
report. Dle Panel also solicited information from other 
sources., including government and international 

X 

Copyright © National Academy of Sciences. All rights reserved.

Kepone/Mirex/Hexachlorocyclopentadiene:  An Environmental Assessment
http://www.nap.edu/catalog.php?record_id=19983

http://www.nap.edu/catalog.php?record_id=19983


organizatioaa; envi�ntal groups; profeaaional, 
scientific, and trade organizations; and numerous 
individuals. �e lack of information on 
hexachlorocyclopentadiene and the proprietary nature of data 
on Kepone and mirex limited the amount of information 
available for consideration by the Panel. OOnaequently, 
coaaiderable ti• and effort were spent in seeking 
additional information from various government agencies and 
pesticide manufacturers. 

'lbe Panel appreciates the contributioaa and information 
provided by the individuals and organizations listed in tbe 
Appendix. we are especially grateful to Dr. Ian C.T. 
Nisbet, Chairman of the STAEP coordinating COIIIIIlittee, who 
served aa liaison to thia Panel. we are alao grateful to 
Dr. Charles c. Brown of the National cancer Institute for 
hia collaboration in the preparation of the section on 
Quantitative Estimates of Risk. 

'ltle Panel would alao like to thank the professional 
auff of the National Academy of Sciences/National Research 
Council. Thia support waa chiefly provided by Lawrence c. 

Wallace, Project staff Officer, wbo waa responsible for 
coordinating the work of the Panel with information from 
EPA, the STAEP Coordinating Coaaittee, and other 
organizations and individuals. Be waa alao largely 
responsible for the completion of thia report. 'l'he Panel 
further expreaaea ita appreciation and thanks to Connie 
Regea • STAE P Project secretary • for her contributions 
throughout the study; to Judith cumndnga, Patricia Marshall, 
Anne Norman, and Philippa Shepherd who provided editorial 
aaaiatance; and to the staff of the Manuscript Processing 
Unit. 

Robert J. Li vingaton 
Chairman 
STAEP Panel on Kepone/MirexiBexachlorocyclopentadiene 
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FINDINGS AND RESEARCJI NEEDS 

This report's assessment of the scientific and technical 
knowledge about the effects of Kepone, mirex, and hex as 
environmental pollutants is based primarily on two 
literature surveys prepared for EPA's Office of Research and 
Development by Battelle Columbus Laboratories and the 
Stanford Research Institute. The principal findings and 
research needs arising from the Panel's assessment are 
summarized below. Documentation for the findings can be 
found in the body of the report as noted parenthet ically 
after each finding. The list of research needs identifies 
areas where more knowledge is needed before a truly 
comprehensive assessment of the effects of Jepone, mirex, 
and hex can be made. 

FINDINGS 

General 

• According to criteria based on population 
dynamics, altered energy transfer and 
interpopulation response, and community reaction to 
chronic exposure to Kepone, mirex, and hex, data on 
which to base an informed assessment of 
environmental impact are limited. While the data 
we do have suggest that species resistance and 
adverse chronic effects are high, with proven 
bioconcentration and high chronicity factors for 
Kepone and mirex, definitive environmental changes 
due to varying levels of exposure remain 
undetermined. While there are indications that 
widespread use of mirex can lead to altered 
population structure in terrestrial systems • with 
resurgence or.escalation of nontarget pests due to 
selective (mirex-induced) mortality of predators, 
there are too few data for a uniform prediction of 
effect. Since Kepone, mirex, and hex are capable 
of bioaccumulation and acute or chronic toxicity, 
lack of observed-effects in areas w here they have 
been released is insufficient basis for the 
assumption that no impact has occurred (see Chapter 
3, sections on Criteria for Assessment, ACute and 
Chronic Effects, and Ecological Implications). 

1 
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• In comparison with other enviromEntal 
contaminants such as dieldrin, DDT. and PCBB. the 
scientific literature about Jepone. though growing. 
is incomplete; the knowledge of residue 
distribution and acute or chronic effects of mirex 
is substantial; and data on the environJEntal 
significance of hex are scarce. However • despite 
the relatively small quantities of Repone and mirex 
that have been released into the environJEnt in the 
�ited states. environmental levels of these 
compounds are disproportionately high. Thus. while 
the magnitude of the hazards to human health aDd 
the environment posed by these residues cannot be 
determined accurately • assuming the .orat set of 
circUEtances • they could be substantial (see 
Chapter 3 .  section on Ecological Implications). 

occurrence, Properties. and TOxicity of Kepone 

• Exposures to Kepone tbat are of primary 
environmental concern are the Hopewell. Virginia, 
incident of industrial release and contamination of 
the James River-Chesapeake Bay system; the use of 
Jepone against banana root borers in tropical 
areas • which could be a cause for concern in the 
United states because a significant portion of this 
use occurs in Puerto Rico; and the sporadic 
appearance of Kepone in mothers • milk in an area 
roughly corresponding to the area sprayed with 
mirex for control of the imported fire ant· (see 
Chapter 1. section on Patterns of Contamination; 
and Chapter 2 • section on Distribution of 
Exposures) • 

• Kepone is enviroumentally persistent and 
capable of movement through ecosystems; it 
undergoes bioconcentration and biomagnification and 
baa been found to occur in buman tissue and milk 
(see Chapter 1. section on Patterns of 

Contamination; and Chapter 2 • section on 
Distribution of Exposures). 

• Jepone is highly toxic to certain organisms . 

Its documented chronic effects on some invertebrate 
aquatic species include reduced shell growth, loss 
of equilibriwil. and impaired reproductive 
capability (see Chapter 3 .  section on Acute and 
Chronic Effects). 

• Mbile generally leas acutely toxic to 
terrestrial tban to aquatic species • Jepone has bad 
observed chronic effects on some terrestrial 
species • including neurological and reproductive 

2 
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disorders; adverse effects related to energy 
production and muscular function have also been 
noted in areas of contamination (see Chapter 3., 
section on Acute and Chronic Effects). 

• There ia very little information about the 
short- and long-term implications of Kepone 
distribution in a ranqe of aquatic systems (see 
Chapter 3., sections on Acute and Chronic Effects 
and Ecological Implications). 

occurrence, Properties, and Toxicity of Mirex 

• There is a clear pattern of mirex distribution 
in the SOuth in human adipose tissue corresponding 
to the use of mirex for control of the imported 
fire ant (see Chapter 1., section on Patterns of 
COntamination) • 

• Mirex has also been manufactured and sold 
under the trade name Dechlorane for use as a fire 
retardant in plastics. Effluents from 
manufacturing processes have resulted in local 
contamination of Lake ontario. The fate of large 
quantities of Dechlorane remains unknown (see 
Chapter 1., section on Patterns of Contamination) • 

• Mirex is one of the moat environmentally 
stable members of the organochlorine insecticide 
group; it has a tendency to bioaccumulate and 
biomaqnify, and degrades into a series of 
potentially hazardous products which apparently 
include Kepone (see Chapter 1., sections on 
Properties of the Compounds and Dynamics in the 
Environment). 

• Mirex above a ranqe of acute toxicity (from 
low to high, depending on the species)., and has one 
of the highest chronicity factors observed for any 
pesticide, larqely because of its relatively slow 
rates of metabolism and excretion, which result in 
its accumulation in biological systems. These 
effects., together with the extreme sensitivity to 
mirex of certain groups such as aquatic 
crustaceans., suggest that the continued broadcast 
use of mirex could lead to serious environmental 
problems., including bioaccumulation andl'or 
alterations of species composition and community 
function (see Chapter 3., sections on Acute and 
Chronic Effects and Ecological Implications). 

3 
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Potential Effects of Kepone and Mirex on Human Health 

• Kepone bas had toxic effects on humans, and 
mirex would be expected to affect. humans at levels 
of exposure comparable to those producing toxicity 
in experimental IIIUIDBls (see Chapter 2, sections on 
Qualitative Estimates of Risk and Quantitative 
Estimates of Risk). 

• Kepone and mirex are carcinogenic to 
laboratory rodents, mainly causing liver tumors. 
Although their mode of action is unknown, and the 
relevance to huaan risk of the tumors induced under 
the conditions studied is not yet established, they 
must be presumed to be human cancer hazards (see 
Chapter 2, section on Qualitative Estimates of 
Risk). 

• The potential magnitude of their hazards, 
however • is impossible to predict. with certainty 
because of deficiencies in present knowledge of the 
process of extrapolation from results in 
experimental animals to hUDBn risk. Nevertheless, 
using the best information available, the projected 
risk might not be negligible (see Chapter 2, 
section on Quantitative Bstimates of Risk). 

occurrence • Properties • and Toxicity of Hex 

• Hex and its metaboli tea undergo 
bioconcentration and biomagnification in simulated 
microcosiiiB, thus shoving environmental 
characteristics associated with some of the better 
known organochlorine compounds. These results must 
be viewed as preliminary since there are few 
reliable data available (see Chapter 1, section on 
Dynamics in the Environment) • 

• Hex continues to be used and distributed as a 
precursor for other chemicals. Although tens of 
millions of kilograms are produced annually • there 
is virtually no information on residue distribution 
and chronic effects on various organisms. ACute 
toxicity data are also inadequate for assessment of 
effect (see Chapter 1 • sections on Patterns of 
Contamination and Dynamics in the Environment; and 
Chapter 3 ,  section on ACute and Chronic Effects). 

• Despite recent restrictions on the use of 
several chlorinated cyclodiene insecticides, such 
as aldrin and chlordane, production of hex is 
expected to continue at a high level for the 
manufacture of flame retardants and of pesticides 
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for export: (see Chapter 1, sections on Patterns of 
Contamination and Dynamics in the Environment). 

RESEARCH NEEDS 

The following are identified as areas where more 
information is desirable; they are not presented in order of 
priority. 

• '!be impact of Kepone on systems associated 
with areas of treatment for the banana root borer 
should be investigated. Investigation should 
include thorough analysis of residues in soil, 
runoff into surface waters, residues in fish and 
domestic animals, and residues in tissues of human 
residents of the area. Data on the use of Repone 
to control the banana root borer are also needed, 
including the amounts of pesticide sold, acreages 
of its use, and mode and rate of application. 

• Homes and commercial establishments where 
Repone has been used for ant and cockroach control 
should be surveyed to determine the extent to which 
residues of Repone persist in dust and in indoor 
air, and whether such residues pose significant 
hazards to occupants. 

• Surveys of human adipose tissue and mothers • 
milk for Repone and mirex should be extended to 
include subpopulations identified as at high risk 
of exposure , including consumers of seafood from 
known contaminated sources and workers who handle 
Dechlorane. 

• More dose-response data on the carcinogenicity 
of Repone and mirex are needed, as are mechanistic 
studies on the experimental carcinogenicity of 
Kepone and mirex, particularly of mutagenicity and 
ability to interact directly or indirectly with 
DNA. 

• The most important issue concerning Dechlorane 
relates to materials flow assessments. Critical 
questions to be answered include determinations of 
the products in which Dechlorane is used, how long 
they are used, whether their use results in direct 
human exposure, where they are discarded, and the 
ultimate fate of the Dechlorane they contain. 
Since Dechlorane has been used by many small 
formulators in plastics industries, environmental 
contamination from such activities should be 
assessed. Factory discharges to aquatic systems 
are particularly important point sources to 

5 
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examine. Initial work in this area could focus on 
dumps., incinerators., product-recycling machinery., 
and effluents released into aquatic systems. 

• Basic laboratory and field (residue) 
information is needed on the potential 
environmental distribution of hex and ita acute and 
chronic effects on a representative range of 
terrestrial and aquatic species. 

• Development of a reliable analytical 
methodology for detecting residues of hex is 
critical to any research devoted to determining its 
environmental distribution. 

• MOre effort should be devoted to studies of 
the metabolic aspects of hex since ita reactivity 
suggests the potential for transformation and 
reaction with other chemicals. such reactivity., 
including polymerization., could yield mirex-type 
compounds., and reaction with olefins could yield 
chlorinated cyclohexene derivatives . 

• Bioassay of the carcinogenicity and 
mutagenicity of hex is needed., and ita toxic 
effects on fetuses and newboraa should be 
determined. 

• Epidemiological studies of workers who have 
handled hex would be desirable. 

• Information on changes at the population and 
COIIIIDUnity levels caused by the presence of Kepone., 
mirex., or hex is virtually nonexistent. Any 
further extensive use of these compounds should be 
preceded by a combined residue analysis and field 
evaluation program to determine short- and long­
term effects at these levels of organization. If 
use is discontinued., field studies in areas of 
contamination should be carried out to determine 
recovery. 
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OVDVJEW 
• 

�e cyclodiene insecticides Kepone aad mirex are 
synthesized from hexachlorocyclopentadiene (hex). Both 
Kepone and mirex are members of the organochlorine group and 
are generally similar with respect to their chemical 
characteristics, biological activity, and behavior in the 
environment. They are also often characterized by general 
euvironmental stability and pronounced bioaccumulation. 
Previous studies indicate, however, that there are 
significant differences among these three compounds, 
including their opportunities �or entering the environment, 
and their distribution and behavior. For this reason, it is 
iiiiPOrtant that Kepone, mirex, and hex be evaluated 
individually in determining their environmental impact and 
effects on human health. Each of the compounds must be 
studied within the context of its iDdividual patterns of 
use, exposures of nontarget organisms, and potential acute 
and chronic effects at levels co������ensurate with the 
distribution of its residues. 

KEPONE 

Kepone, the ketone analog of mirex, has been used 
primarily outside the united states as a pesticide against 
the banana root borer. In the United states, the only 
registered uses of Kepone have been as an ant and cockroach 
poison. Because IIIOSt of the Kepone that was synthesized in 
this country was for export, the major source of exposure in 
the United states is thought to be from point source 
caatalidnation at manufacturing sites. Kepone is a 
contaminant of mirex and a product of mirex degradation. 
"l'hus exposure to Kepone may also result from the use of 
mirex. 

Kepone became a subject of attention when expanding 
contamination resulted from ita manufacture at a plant in 
Bopet�ell, Virginia. Affected personnel of the HOpewell 
plant were hospitalized; relatively high residues of Kepone 
were found in sediments and aquatic biota of the James River 
drainage system, including the Chesapeake Bay; and a large 
area was closed to commercial and other fishing to prevent 
exposure of a larger population through the ingestion of 
contaminated seafood. 
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�e data on hazards to the environment and human health 
resulting from exposure to Kepone are particularly weak. 
The compound has been considered a minor pesticide in this 
country. because it has been used relatively little in the 
Onited states; as a result. the literature on Kepone and its 
residues is relatively sparse. 

The Hopewell incident stimulated some EPA research and 
led to the establishment of recommended action levels for 
the presence of Kepone in finfish. shellfish. and crabs. 
Recently • the Agency also analyzed samples of human milk in 
nine southern states. Approximately 3 percent of the 
samples tested. in an area roughly corresponding to that 
where mirex has been used for the control of imported fire 
ants. contained Kepone at levels ranqing from less than 1 
ppb to s. 8 ppb. '!'here has been no report of Kepone residues 
among the general population • where presumably most 
exposures to the compound would result from the use of ant 
and cockroach traps. Although no severe effects have been 
recorded in accidents involving these traps. little is known 
about the potential for human exposure to Kepone as a result 
of the compound's translocation by insects and its presence 
in dust and air in the vicinity of insect traps. 

Recent-research indicates that Kepone is environmentally 
persistent and highly toxic to various organisms. It is 
carcinogenic to laboratory rodents and. therefore. must be 
presumed to present a cancer hazard to humans. Kepone tends 
to move throuqh ecosystems. and is subject to relatively 
efficient mechanisms for bioconcentration and 
biomaqnification as it moves from one trophic level to the 
next. In certain invertebrate aquatic species. it has t:een 
shown to produce such chronic effects as reduced shell 
growth. loss of equilibrium. and impaired reproductive 
capability. Chronic effects observed in laboratory mammals 
at levels of exposure similar to those in the Hopewell. 
Virginia. area include neurological and reproductive 
disorders and adverse effects on enerqy production and 
muscular function. 

Further research is needed to resolve basic questions 
about the risks associated with the manufacture and use of 
Kepone. study of the residues of Kepone in the general 
population is needed followed by further study of its impact 
on human bealth and the environment. 

Ml:REX 

Mirex is one of the most stable of the organochlorine 
pesticides. and has been used widely in the southern United 
States for control of the imported fire ant. An estimated 
74 percent of the mirex used in the United states for nearly 
20 years. however. has been used for nonagricultural 
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purposes on a nationwide basis. Under the trade name 
Dechlorane, the compound is widely used as a fire retardant 
in plastics. 

There has been public controversy over the use of mirex 
since it was first used in 1962 in the program for control 
of the imported fire ant. Proponents of this use point out 
that relatively low concentrations are needed (4.2 g/ha or 
1 . 7 g/acre) and that there is a lack of feasible 
alternatives for combating the imported fire ant, which 
causes modest to very severe local losses in some 
agricultural operations. Opponents stress that mirex has 
proved to be highly persistent under various environmental 
condi tiona and has an established tendency to bioaccumulate 
and biomagnify in food webs. As a result of the 
controversy, the production of mirex for imported fire ant 
control in the United States is being phased out. 'Dle sole 
producer of mirex that was marketed as a pesticide for use 
in the United states has turned over its remaining stocks of 
the compound to the State of Mississippi, which with the 
u.s. Department of Agriculture, controls the use of these 
stocks under EPA restrictions that call for application in a 
more diluted form than in the past. 

Evaluation of the distribution and environmental effects 
of mirex residues is complicated by the use of mirex as the 
fire retardant Dechlorane. Decblorane has been produced at 
Niagara Falla, New York, and formulated at a number of sites 
in the united states and is used in the manufacture of 
plastic products that are distributed nationwide. It is 
difficult to assess potential exposures to mirex because the 
fate of a relatively large quantity of mirex that has been 
produced and used as Decblorane has not been determined. 
The only documented accumulations of mirex in humans are in 
southern states, where the compound was used as a pesticide. 
It has been reported that diffused, low-level contamination 
has occurred in sediments of Lake Ontario and in the aquatic 
ecosystem of the st. Lawrence River as a result of releases 
of Dechlorane from two manufacturing plants. Although there 
are no reports of mirex residues in humans other than in the 
south, there has been no concerted effort to look for 
residues in other areas. 

There is a considerable body of information on some of 
the environmental characteristics of mirex, even though its 
fate in the environment and the associated transfer 
mechanisms are not well defined. Mirex is resistant to 
degradation and metabolism and has an environmental half­
life of five to twelve years. It tends to accumulate in 
terrestrial and aquatic systems and shows evidence of 
biomagnification as it moves through these systems. When it 
undergoes decomposition, one of its degradation products is 
Kepone. Other stable degradation products (e.g., mono- and 
dibydromirex) have been reported in environmental samples, 
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but as yet little is known of their distribution and 
�ntial effects. 

The acute toxicity of mirex ranges from low to high. 
depending on the species. It baa a high potential for 
chronic toxicity largely because of ita ability to 
accumulate in biological systems. On the basis of results 
from laboratory studies. it must be considered a potential 
human carcinogen. Tbe insufficiency of field data on mirex. 
however. makes it difficult to develop an unequivocal 
appraisal of ita occurrence. activities. and effects in tbe 
environment. 

HEXACRIDROCYCIDPENTADIBNB 

Hex is a highly reactive cblorocarbon that readily 
undergoes Diels-Alder reaction with other unsaturated 
organic compounds and forma a variety of chlorinated 
polycyclic compounds. 'lheae characteristics have led to ita 
use. primarily aa a precursor for the preparation of various 
insecticides (including Kepone and mirex, and fire 
retardants. It also has a minor use aa a herbicide. 
However. the publicly available data for hex are scanty and 
inconsistent; in particular. information about ita use. 
residue characteristics. and biological iapact on various 
organisms and systems is uniformly inadequate. Basic 
questions about the scope and nature of ita potential for 
environmental contamination remain unanswered. one reason 
for this lack of knowledge baa been the use of hex as a 
precursor in the formulation of Kepone. lllirex. and other 
products. Attention has focused on ita reaction products. 
with the result that ita overall impact has been largely 
overlooked. In 1977 • however. incidents of enviro�����ental 
contamination in Kentucky and Michigan aroused cancern for 
ita potential hazards. 

� possibility of widespread exposure to this compound 
has continued despite a reduction in the use of cyclodiene 
pesticides in the Oni ted States. Hex continues to be 
produced in this cOUDtry as an inte�diate both in the 
manufacture of fire retardants and of pesticides for export. 
Future trends in the rate of production are difficult to 
estimate. 

In view of the varied and extensive uses of hex. the 
�ntial of related cyclodienea for toxic action and 
environmental persistence. and the inadequacy of data about: 
the potential effects of hex on various organiaD18. there is 
the need for both research on and a comprehensive review of 
the mass balances and environmental significance of this 
compound. It is particularly important that its 
environmental persistence. toxicology. and potential effects 
on human health be studied. 
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CJIAPTER 1 

ENVXJONMENTAI. MmJBJJTION. TlW!SPQBT. AND FA'l'B 
OF KIPQNE, MIREX, AND 8EXACBLOROCXCLQPEN'JAMID 

PBOPERTIES OF THE COMPOUNDS 

Kepone 

Kepone®1 (GC 1 189; chlordecone; decachlorooctahydro-
1.l.rt- metheno-28-cyclobuta (cd] pentalen-2-one) is the 
ketone analog of mirex (see Figure 1. 1). Like mirex, it baa 
easily defined chemical and physical properties, and 
saturated, ayumetrical molecules. The key physicochemical 
characteristics of :repone. mirex. hex, and of .three well­
studied environmental contaminants, DDT, dieldrin, and 7BRC 
are summarized in Table 1. 1. 

Tbe presence in Kepone of a carbonyl group in place of 
two chlorine atoms present in mirex greatly affects Kepone•a 
solubility in water which is 2, 000 times that of mirex (see 
Table 1. 1). The water solubility of :repone suggests that 
ita lipophilic properties and partition behavior are more 
like those of 7B8C, another chlorinated hydrocarbon. Kepone 
is also more reactive and volatile than mirex. Ita thermal 
decomposition point is about 4oooc, compared to about 6000C 
for adrex and, judging by the behavior of :repone in gas 
chromatography, its volatility is closer to that of 
dieldrin, another pesticide in the organochlorine group, 
than it is to that of mirex. 

Technical preparations of :repone contain 9 4 . 4 percent 
Kepone, with 0. 1 percent hex as a minor contaminant (U.s. 
EPA 1978). 

Mirex 

Mirex (GC 1283; Dechlora�; dodecachlorooctahydro-
1, 3,4- metheno-28-cyclobuta (cd] pentalene) is a fully 

chlorinated, cage-structured compound formed by Diela-Alder 
reaction from hex (see Figure 1.1). Ita resistance to heat 
(decomposition at 6SOOC) and its low reactivity with acids, 

bases, and other chemical agents such as ozone and lithium 
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· sulfonation products 

J hydrolysis 

Cl �O 

�
CICI 

Kepone 

Cl 

SOURCE: U.S. EPA (1978). 
FIGURE 1.1 Synthesis of Kepone and Mirex. 
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TABLE 1 . 1  Phys icochemical and Environmental Characteristics 
of Selected Chlorinated Compounds 

Water 
Solubil ity 

Compounds ( ppb) 

Kepone 2,0 0 0  

Mirex/Dechlorane 1 

Hex a BOO 

DDT 2 

Dieldrin 2 50 

yBHC 1 0 ,0 0 0  

Vapor 
Pres sure 
(mm Hg) 

1 0-5 
b 

6 X 10-6 

lb 

1 . 5  X 10-7 

1 . 8  X 10- 7 

9 . 4 X 1 0-6 

Estimated 
Hal f-Life in 
Soi l (years) 

a Hexachlorocyclopentadiene . 
bAt 6 0°C ( Ungnade and McBee 1 9 5 8)J all other vapor pressures 

at 2 0-2 5°C (Matsumura 1 9 7 5) .  
c Holden ( 19 76) . 
d Extrapolated from data presented in Edwards ( 19 6 6) . 
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aluminum hydride (Brooks 1974) • show i� �o be a very 
unreac�ive compound. 

The physicochemical characteristics of mirex indica�e a 
�en�ial for s�bili�y and sugges� �ba� i� is persis�en� in 
�be environment and may accumula�e in biological sys�8111a. 
The low solubili�y of mirex in waur is comparable � �ba� 
of DDT. Since both mirex and DDT are reasonably soluble in 
organic solven�s. �ey are likely also �o have coaparable 
partition coefficients and lipophilic properties; in 
addi�ion, �be vola�ili�y of mirex is coaparable � �� of 
DDT. Ye� mirex is chemically more stable �n either DDT or 
dieldrin. 

Because of �be chemical s�abili�y of mirex, no major 
deqrada�ion produc� or con�minan� �er �ban Kepone appears 
�o be impor�� a� the �iJE �ba� mirex is in�roduced �o �e 
environment. �cbnical-grade prepar�ions of mirex consis� 
of 95.19 percen� mirex with 2. 58 ppm Kepone as a contaminan� 
(U. S. EPA 1978). 

Bexacblorocyclopen�adiene 

Hex (c-56; 1,2,3,4.5,5-bexacblorocyclopen�adiene) is 
widely used as a precursor for �be syn�besis of Kepone and 
mirex (see Figure 1.1), and many �her pesticides and 
indWI�rial chemicals. Unlike Kepone and mirex, however, hex 
is very reac�ive and volat.ile (see Table 1.1). Hex is also 
nonflammable and i�s presence is easily d�ec�ed because of 
i�s pungent odor a� rela�ively high concen�rations (0. 15 �o 
0.33 ppm in air [Equi�le Environmen�al Beal�h, Inc. 
1976 ]) • 

The reactivi ty of hex comes from i�s abili�y to 
polymerize even a� low Umpera�ures be�ween 20 � 20ooc 
(U.s. EPA 1978), and� reac� wi�b olefine and �er organic 

molecules such as aroma�ic compounds. Thus, �he apparen� 
disappearance of hex from �be environment in rou�ine multi­
residue analyses should n� be consttued �o mean �bat i� is 
always degraded �o smaller molecules, even though s�able 
bioaccumula�ed me�aboli�es of hex have been found (Lu e� al. 
1975). The apparen� loss of hex may resul� primarily from 
vola�iliza�ion, polymeriza�ion, and reac�ions wi� other 
organic chemicals. 

All indus�rial me�hods used �o prepare hex could induce 
�he forma�ion of con�aminan�s. The three basic me�hods of 
syn�hesizing hex are: (1) chlorina�ion of cyclopen�adiene; 
(2) condensa�ion of small chlorina�ed hydrocarbons: and (3) 

chlorination of n-pen�ane-isopen�ne. The firs� reaction 
gives octachlorocyclopentene as an in�ermedia�e and 
con�aminan�: �he las� �wo reactions could give cblorina�ed, 
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low molecular weight aliphat ic compounds ,  which may be 
difficult to remove by simple di stillation . 

ANALYTICAL PROBLEMS 

Kepone 

Kepone has not been &OU!Jht in any of the routine u.s. 
Food and Drug Administration marke t-basket surveys of 
pesticide residues an d other pollutants in food. Mor eove r ,  
Kepone i s  not a targe t o f  EPA ' s  nat ional pe sticide 
mon itor ing program (U.s. EPA 197 7a) , an d routine assays 
exclude Kepone in the process of cleanu p by Flor isil column 
and in hexan e-acetonitrile partitioning proce sses .  

A satisfact or y  method for detecting Kepone in t issues , 
particular ly in bi oassay& of fis h  an d other aquatic 
organisms. wa s  not devise d and agreed upon unt il late in 
1 976. The late development of t his method raises t he 
q uestion of whether the presen ce of Kepone in biological 
specimen s  was ov er looked or wa s  not accurately quant ified . 
'!'he limit of detection with curr ent techn ique s  is r eported 
to be 0. 005 ppm in analyses where 400-g samples of banana 
peel and pulp ar e used (U.s. EPA 19 77a) .  '!' hi s  proce dure is 
said to be applicable for certain other fruits, vegetables ,  
an d milk. Data derived before this deqree of sensitivity in 
analyses of Kepone residues was available mu st therefor e  be 
int er pret ed wit h caution. 

Gas chromatogr aphy used in the analysis for res idues of 
Kepone presen ts only standard problema of quality control in 
processing , that is clean up and recov er y .  Kepone , unlike 
mirex, is not difficult t o ident ify. 

Mir ex 

Analysts generally experience two ma jor pr ok lema in 
correct ly detect ing and identify ing the chemica l  and 
phys ical properties of mirex. '!' he first is the similarity 
of the behavior of mirex in gas chromat ography to that of 
some of the componen ts of PCBs (e.g. , Arochlor 1254), which 
makes it diff icult to determi ne whether mir ex or PCB is 
presen t  in the column or whether both are present and 
in teract . 

'l'b e  second major problem is t he long retention time (Rt) 
of mirex relative to ot her similar chlor ina ted pesticides 
(for in stance , the Rt for mir ex is appr oximately 5.0 time s  
that of aldrin [u.s. EPA 1978 ]) . '!' he longer Rt presen ts a 
practical pr oblem in routine multi-res idue assay s ,  inasmu ch 
as compounds appearing at the en d  of gas chromatograms give 
flat peaks with rela tively low r esolut ion , an d  are therefore 
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difficult to identify. Moreover. since practically no other 
pesticide residues are expected to appear in t hese areas, 
the low regions are often excluded from routine surveys. 
The problem can, however. be overcome if a gas 
chromatographic condition is set up especially for mirex. 

Interference by PCBs in chromatographic analyses is the 
more serious of the two problems. Since both PCBs, which 
are also major contaminants of the--environment, and mirex 
are very apolar compounds, they are usually eluted at the 
beginning of silica gel or Plorisil columns, and their 
separation requires rather careful cleanup treatments of the 
chromatographic columns. Markin et al. (1972) point out two 
examples in the literature where these compounds may have 
been incorrectly identified. 

'l'be Panel believes that, despite these problems, most of 
the methods used for detection of mirex residues are 
reasonably reliable. such residues have reflected patterns 
of use in the south, for example, where mirex was broadcast 
for a period of nearly 20 years as a pesticide for control 
of the imported fire ant. There are few documented cases 
where mirex, including Dechlorane, has been detected in 
areas where there was no history of application or possible 
human exposure. The lack of such chemical epidemiology data 
is convincing enough to indicate that at least the 
qualitative aspect of identification of mirex residues is 
sound. 

Bexachlorocyclopentadiene 

'l'bere is no established or accepted method of analysis 
for hex. Consequently • there are no data on environmental 
residues of hex or its noncommercially derived products. 

PATTERNS OF CONTAMXNATION 

Kepone 

Par several years after the development of �ne in the 
early 1950s by the Allied Chemical Corporation, production 
of the compound was limited and sporadic. Demand built up 
in the late 1960s as the banana root borer began to develop 
immunity to other pesticides. Production of Kepone in the 
united states ended in 1975 after the closing of the plant 
in Hopewell, Virginia, that had been acquired from Allied by 
another firm. At the time of its closing, this was the only 
plant in the united states that was known to be 
manufacturing Kepone. 

Between 90 percent (Sterrett and Boss 1977) and 99.2 
percent (U. s. EPA 1976d) of the �one that was produced in 
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the United States was exported to latin America, Africa, and 
Europe • vi til most of the remainder used in tilis country as 
ant and cockroach poison. The patterns of use for the 
Kepone that vas exported are poorly documented, but it is 
known that one of its principal ases was for control of the 
banana root borer, primarily in the Caribbean area, 
includinq Puerto Rico. Accordinq to EPA (1978), most of the 
Kepone that was exported to a west German firm was converted 
into otiler pesticide products, but this has not been 
confirmed. 

No exact data are available on tile total amount of 
Kepone that was produced in the United states for export and 
for domestic uses, but it is thouqht that this production 
totalled about 1, 600,000 kq (3, 500, 000 lb) (Perquson 1975). 
Of this amount, the domestic consumption of Kepone has been 
estimated at from 12, 000 to 70,000 kq (U.S. EPA 1976d, 
sterrett and Boss 1977). �se estimates are probably too 
hiqh, however, because they represent the difference between 
the estimated total production and the estimated exports. 
They do not take into account factory inventories that 
remained or losses to the enviroa.nt durinq production. 
The existinq stocks of Kepone at Allied, which continued to 
market its Kepone inventories after production of tile 
technical-qrade product ended, were small in 1976 (about 250 
kq of Kepone were incorporated in a 25-percent 
Repone/special mixture), accordinq to an estimate by EPA 
(1976e) . In 1976, EPA issued a notice of intent to cancel 

the use of Kepone in ant and cockroach traps; Allied 
concurred in the cancellation of tilis insecticide, which is 
no lonqer beinq manufactured. However, formulation of 
existinq stocks of Kepone for use in ant and cockroach traps 
may continue until May 1, 1978. 

Since most of the Kepone synthesized in this country was 
for export, the major source of contamination from this 
compound in the United states is thouqht to have been at 
manufacturinq sites for technica·l-qrade Kepone, the primary 
product used by firms marketinq commercial qrade 
formulations for ant and cockroach traps and the form of the 
product that was exported. Allied and its subsidiaries were 
the leadinq producers of technical-qrade Kepone (the plant 
in Hopewell was later sold to another firm) , but at various 
times two other chemical companies supplied this firm with 
technical-qrade Kepone. 

Nearly 30 firms in the United states were usinq Kepone 
in the manufacture of ant and cockroach traps when this use 
of the chemical was ended. The formulation of these 
products probably did not result in major losses to the 
environment because the amounts of Kepone used were small. 
Most traps or baits bad only 0. 125 percent of the active 
ingredient and usually incorporated some safety device to 
prevent direct human contact with the insecticide. 
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James River Contamination 

It is not possible to estimte the total quantity of' 
Kepone that entered the James River at Hopewell, Virqini�. 
on the basis of data on Kepone manufacture. Calculations by 
smith ( 1 976)  show that routine losses from washinq. 
volatilization, and other manufacturinq processes can 
account for only a few kiloqrams of the Kepone that is now 
known t;o have been lost from the Hopewell plant from 1971 to 
1974 . Accordinq to EPA (1976d) . as much as 4 5 . 000 kq of 
Kepone now lie on the bottom of the James River. This 
estimate is based on data derived by the Aqency from a study 
of Kepone residues in sediments of the James • drainaqe 
system after it became clear that workers at the Hopewell 
plant had developed health problems and the possibility 
arose that the James miqht also be contaminated. The data 
on Kepone residues in sediments also show that this one 
pollution point source contaminated the entire river from 
Hopewell to Newport News, Virqinia. The hiqhest 
concentration of Kepone (over 10 ppm) was found at Bailey • s 
Creek, the site of the oriqinal contamination. Beyond 
Newport News. the presence of Kepone residues was found to 
be sporadic and diffused, the pattern beinq controlled t:y 
currents and movements of the sediments. 

Contamination of soil around the production site was 
reported by Blanchard ( 1 976) . Total Kepone contamination 
appeared to be about 1,000 kq within a radius of one 
kilometer around the Hopewell factory. 

Use on Banana Crops 

The use of Kepone in Puerto Rico as a pesticide aqainst 
the banana root borer may require special attention by the 
United States qovernment. Tbe pesticide label directions 
call for surface application of 4.2 kq/ha (3.75 lhs/acre) of 
active inqredient every six months. At this rate, the Panel 
has calculated that use of the pesticide will result in 
about a 100 ppm level of Kepone residues in the top 3 em of 
soil after each application. In one test reported by United 
Fruit Company ( 1 9 6 9 ) . a sinqle application of Kepone at 6 . 73 
kq/ha (6 lbs/acre) active inqredient led to residues of 
Kepone in soil from 15 to 25 ppm that persisted for at least 
six months. 

From what is known about the slow dissipation rate of 
Kepone in the environment, its level in banana fields in 
Puerto Rico could be quite hiqh. Unfortunately . no data are 
available on the levels of Kepone residues in soil, 
chickens. qrasses. and other components of the environment 
in Puerto Rico. Consequently • no calculations have been 
made concerninq impact on humans and the environment. 
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Use in Insect Traps 

In the United sta tes, the only registeJied uses of Kepone 
have been for control of ants and cockroaches in domestic 
and commerc ial establishments. I f  envixonmental 
contamination had resulted from these uses , it seems likely 
that Kepone residues would have been found in the general 
population of the entire United states. There have not been 
any reports of such residues ,  however, in human tiasues in 
the general public ,  although there are data on Kepone 
residues in mothers 1 milk in tbe southern states (U.s. EPA 
1 976b) • EPA collected 29 8 samples of mothers 1 milk in nine 
southern states in 1976. Nine of the samples collected from 
three states--Alabama , Georgia ,  and North Carolina--showed 
Kepone levels ranging from leas than 1 ppb to 5 . 8 ppb. No 
res idues were found in milk samples from Arkansas, Florida, 
Louisiana , Miss issippi , south carolina ,  and Texas . Possible 
sources of exposure include the spraying of mirex for 
control of fire ants and the subsequent degradation of the 
mirex into Kepone (carlson et al. 1976) , and direct exposure 
to ant or cockroach traps . However , most reported incidents 
of human exposure to Kepone thxough contact with insect 
traps involve young children . 

ACCording to the u.s. Department of Agriculture ( 1 977) , 
56 incidents of human exposure to Kepone have been reported. 
Children under five years of age were exposed in 52 of the 
incidents ; two incidents involved adults ; the other two 
incidents involved unspecified ages . All but nine of the 
young children were exposed to Kepone at home , primarily by 
control devices for ants and cockroaches .  

Mirex 

It is believed that all technical-grade mirex in the 
United states has either been anufactured or distributed by 
the Booker Chemicals and Plastics C�poration. Data on the 
sales of mirex/Dechlorane by Booker have been published by 
the u.s. EPA ( 1 978) (see Table 1 . 2 ) ACcording to these 
data, from 1 959 through 1975 about 400 , 000 kg of mirex (26 
percent of the total) were produced for use as an 
insecticide and about 1 , 1 2 5 , 0 0 0  kg (7 4 percent of the total) 
were sold as Dechlorane. At tbe end of 1 976 , the Hooker 
plant had 1 46 , 000 kg of mirex inventory remaining at the 
s ite , which would have to be sold as Dechlorane or be 
exported,  because the use of mirex as a pesticide in the 
United states is now limited to existing stocks in a plant 
in Mississippi . This inventory, plus the estimated sales of 
mirex and Dechlorane from 1959 through 1975,  indicate a 
mirex production tota lling roughly 1 , 6 7 1 , 0 00 kg. The 
purposes for which mirex has been employed suggest that much 
of this production has been used in the United states. Use 
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TABLE 1 . 2  Domestic Sales of Mirex by Hooker Chemicals and 
P lastic s  Corporation& 

Year Pesticide Useb Nonagricultural Usee Total 

19 S9 s o  s o  

1 9 6 0  8 0 0  8 0 0  

1 9 6 1  9 0  4 , 0 0 0  4 r 0 9 0  

1 9 6 2  S , 4 0 0  3S , 9 0 0  4 1 , 30 0  

19 6 3  11 , 6 0 0  129 , 2 0 0  1 4 0 , 8 0 0  

1 9 6 4  12 , 7 0 0  2 1 0 , 0 0 0  2 2 2 , 7 0 0  

19 6 S  2 4 , SOO 2 4 S , 7 0 0  2 7 0 , 2 0 0  

1 9 6 6  31 , 300 1S0 , 2 0 0  1 8 l , SOO 

19 6 7  32 , 9 0 0  72 , 30 0  1 0 S , 2 0 0  

19 6 8  2 8 , 100  1 2 6 , 30 0 1 S 4 , 4 0 0  

19 6 9  4 6 , 3 0 0  32 , 8 0 0  79 , 10 0  

19 70 2 6 , 30 0  20 , 7 0 0  4 7 , 0 0 0 

19 71 1 3 , 6 0 0  3 7 , 2 0 0  S 0 , 8 0 0  

19 72 6 l , SOO S 4 , 4 0 0  11S , 9 0 0  

19 7 3  S l , 3 0 0  S l r 30 0  

19 74 36 , 30 0  1 , 30 0  3 7 , 6 0 0  

1 9 7 S  1 8 , 2 0 0  4 , 6 0 0  2 2 £ 80 0  

Tota l 4 0 0 , 0 9 0  1 , 1 2 S , 4 0 S  l , S 2 S , S4 0  

Percent 2 6 . 2  7 3 . 8  1 0 0 . 0  

a Al l amounts given in k g .  
b Used primarily as insecticide for control of imported fire 

ant . c Used primarily as flame retardant . 

SOURCE : U . S .  EPA ( 1 9 7 8 ) . 
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estimates are available , however , only for the mirex that 
was sold as a pesticide in the United states. 

Use for Control of Imported Pire Ants 

An estimated 250 , 000 kg of mirex were used in this 
country for control of imported fire ants from 1 9 6 2  to 1975 
(Markin et al . 1 972) . It bas been estimated that at the 
standard application rate (mirex 4X bait • 4. 2  g/ha of 
mirex) the mirex content in soil should range from 4 ppb 
(Mirex Advisory COIDIDittee 1972)  to 5 ppb (Markin et al. 
1 972) in a standard three-inch soil sample. This magnitude 
of soil contamination, several parts per billion, bas been 
found in areas sprayed with multiple applications of mirex 
in the south (U. s.  EPA 1 978) • The states with a history of 
the heaviest mirex usage--Louisiana, Mississippi , and 
Georgia--also show the largest number of human tissue 
samples with mirex residues , as shown in '!'able 1 .  3.  

In brief , the use of mirex f or control of the . imported 
fire ant is clearly documentable in teriiiB of its history, 
locations , and patterns of use ; the total quantities 
involved are reasonably accounted for .  Even though mirex 
bas been used extensively as a low-volWE pesticide, ita 
residues are clearly detectable and geographically limited 
to those areas where it vas actually sprayed for control of 
fire ants . 

'l'be area of fire ant control accounts for 8 0  percent of 
the area vhete toxaphene vas used (Guyer et a l .  1 97 1 ) . 'l'be 
amount of mirex used in the same area amounts to roughly one 
400th of the amount of toxaphene used. The moat conspicuous 
difference in these two cases , however, is that mirex 
res idues clearly appear in human adipose tissues according 
to the geographical distribution of the treated area as 
shown in Table 1 . 3 , while no consistent residues �f 
toxaphene are found in human tissues in the general public 
in the same or any other areas of the united states (Bayes 
1 975,  Kutz et al . 1 976 , Yobs 1 97 1 ) . The above would imply 
that mirex bas an extremely lonq environmental half-life , a 
fact documented in the literature (carlson et al. 1 976 , 
Bolden 1 9 76) ; that the mirex pathway to humans is more 
direct ; that its turnover in humans is slow ;  or combinations 
of all these factors . 

Contamination of Lake Ontario 

Mirex residues have also been reported at manufacturing 
sites. According to reports on residues in Lake Ontario, 
there are two ma jor sources of contamination of the lake : 
the Niagara River , where the Hooker plant is located, and 
the Oswego River , where mirex contamination was traced to an 

2 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

K e p o n e / M i r e x / H e x a c h l o r o c y c l o p e n t a d i e n e :   A n  E n v i r o n m e n t a l  A s s e s s m e n t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 9 8 3

http://www.nap.edu/catalog.php?record_id=19983


TABLE 1 . 3 Incidence of Mi rex Residues in Human Adipose Tissues 
in Eight Southern States 

Number of Acres Sprayed 
Samples % Positive in 1 9 6 2-19 7 3  

State Examined Samples ( mill ion acres )  

Louisiana 4 7  4 0  1 3 . 1  
Mi ssissippi 2 8  3 2  1 7 . 3  
Georgia 51 2 4  4 5 . 8  
Alabama 2 7  1 1  4 . 4  
South Carolina 1 7  6 7 . 8  
Florida 5 3  6 8 . 5  
Texas 5 2  0 2 . 1  
North Carol ina 9 0 0 . 9  

SOURCE : U . S .  EPA ( 1 9 7 6 c )  • 
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Armstrong Cork Company plant that handled Deohlorane as a 
fire retardant (U. s. EPA 1 978 , Task Force on Mirex 1 977) . 
It is difficult to determine the total amount of mirex 
released into Lake Ontario from these plants. Boldrinet et 
al. (in press), using estimates from inventory losses, 
reported that 450  kg of mirex were released into Lake 
Ontario within the last 15 years by the Armstrong Cork 
plant. '!be input from the Booker plant was much more 
difficult to assess. Calculations based on estimates of 
mirex losses from washing, volatilization, and other 
activities at the plant show only insignificant losses, 
i. e. , 9 kg/year (Task Force on Mirex 1 977) . The amount of 
mirex lost from these plants can best be estimated from data 
on residues in lake sediments. These data show that nearly 
700 kg of mirex have been estimated to be present in 
sediments of Lake ontario (Table 1 . 4) . The pattern of 
contamination in these sediments (Figure 1. 2) clearly 
indicates that point sources are responsible for the 
contamination of tbe lake. 

Dechlorane Contamination 

There is little information on the fate of Dechlorane in 
the environment, although this product has been widely used 
generally as a fire retardant in plastic products in many 
different locations. Rough estimates based on Booker sales 
data indicate that nearly three times as much Dechlorane as 
mirex has been marketed by this firm. The name Dechlorane 
has been used for different products that bear many 
similarities to C 1 0Cl1 2 (the empirical formula for mirex). 
The proportion of Dechlorane added to plastics is high: 
about 25 percent of plastic resins (Equit able Environmental 
Health, Inc. 1976). There appears to be no economic 
stimulus to recover and recycle Dechlorane after it has been 
incorporated in other products. 

The patterns of use for Dechlorane indicate that · its 
residues should be widely distributed throughout the United 
states (not just in the south, as was the mirex used in fire 
ant control) and that Dechlorane residues should be 
concentrated in urban environments, where most plastic 
materials are used. In addition, a number of pollution 
point sources might be indicated because of the use of 
Dechlorane by both large and small manufacturers and 
formulators throughout the country. As far as we can judge 
from the data to date, however, there is no widespread mirex 
contamination of urban environments as a result of 
Dechlorane use. The study of mirex residues in Lake 
Ontario, for example, does not reveal major contamination of 
the northern shore Of the lake, where the cities of TOronto 
and Hamilton are located. A comparison of the data on mirex 
residues in herring gull eggs in the Great Lakes region 
(Table 1 . 5) indicates that those from Lake Ontario have 
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TABLE 1 . 4  Est imated Residue s of Mirex-Dechlorane in 
Lake Ontar io Sediments 

Occurrence 

Niagara 
Anomaly 

Oswego 
Anomaly 

Other 
Samples 

Estimates of 
Mirex Lost 
at Site (kg) a 

3 6 6  

2 2 4  

9 8  

Surface 
Area 
(km2 ) 

2 , 34 9  

1 , 9 6 7  

1 , 1 1 7  

Mean Res idues 
(ppb dried 
sediments ) 

1 0 . 0  

7 . 3  

5 . 6  

&calculated from samples of sediment 3 em deep . 

SOURCE : Holdrinet e t  al . ( I n  pres s ) . 
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MIREX (ppb} 

c::J not � C< 1 ) 

- 1 - 6 

- 5 - 10 

- > 10 

SOURCE : Task Force on Mirox (1977). 

FIGURE 1 .2 Mirex concentration in Lake Ontario sediments. 
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Table 1 . 5  Mirex Levels in Herring Gul l Eggs of the 
Great Lakes Area 

Lakes 

Ontario 
Superior 
Huron 
Erie 
Michigan 

Number of 
Samples 

39 
39 
4 0  
4 2  
1 5  

SOURCE : Gilman e t  al . ( 1 9 7 7 ) 

26 

Average 
Mirex 
Leve l (ppm) 

5 . 0 6  
0 . 6 6 
0 . 5 6 
0 . 31 
0 . 0 1 
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outstandinq levels of mirex, thouqh the leWtls in egqs from 
other lakes are also rather hiqh. Mirex baa also been 
detected in several species of f ish from the Great Lake$. 
The hiqhest level reported , 1 . 39 ppm, was found in an 
American eel from Lake Ontario ('Task Force on Mirex 1 977) . 

Wbile this Panel baa found no evidence of siqnificant 
widespread contamination as a result of the use of 
Dechlorane , it believes that the need exists for a uniform 
survey of mirex residues in the environment before a 
definite conclusion can be made. One reason for the 
apparent lack of mirex (Dechlorane) residues in areas other 
than the southern states may be that plastics tiqhtly trap 
or bind the molecules of this compound and inhil:it or 
prohibit their release into the environment. This 
particular point has never been established ,  however , 
despite its implications for human and environmental health. 

Bexachlorocyclopentadiene 

'1be total production of hex in the United states is hiqh 
compared to that of Kepone and mirex. Aecordinq to 
Whetstone ( 1 964)  • about 22. 5 mil lion kq of hex were produced 
in 1 962.  Lu et a l .  ( 1 975) also estimate that the same 
amount vas produced in 19 7 2 ,  and a report prepared for 
Booker cites an annual production fiqure of about 22.  7 
million kq/yr (Equitable Environmental Health, Inc.  1 97 6) . 
On the baa is of these reports , the total production of hex 
in the 13 year period from 1 9 6 2  to 1975  ia estimated to be 
about 300 million kq. 

".Dle •jor uses of hex have been in the preparation of 
insecticides . Minor uses include the preparation of plant­
qrowth requlators , bactericides , funqicides , weed 
eradicators , hiqh-pressure lubricants , rust inhibitors , rot­
resistant additives in plywood ,  adhesives for rubber and 
plastics, and catalyst activators (U.s. EPA 1 978) . 'l'heae 
uses , however , are not expected to result in siqnificant 
leWtls of hex residues in hu•ns or the environment , except 
factory workers who may be directly exposed at work. 

Aecordinq to Lawless et al. ( 1 972) , the total amount of 
hex used to produce seven ma jor cyclodiene insecticides was 
1 9 . 9 million kq ,  a sizable part of the hex production of 
about 22 million kq/yr . AmOUnts of hex used to produce each 
of three primary derivatives are aa follows : chlordane , 
1 1 . 3 4 million kq/yr; aldrin, 4 . 5  million kq/yr ; and 
heptachlor , 2. 7 million kq/yr . Because use of these 
insecticides has probably declined in the United states , one 
would imaqine that hex production miqht have been reduced. 
However , currently there is no documentation of this . 'l'he 
reason may be that hex has had continued use as a raw 
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materia l in the production of fire retardants ud of 
pesticides for export. 

� problems in estimating the environmental hazards of 
hex are a.llmst insurmountable at present. First , there are 
no data on residues in the environment : second , there is no 
way to estimate the amount of free hex present in such 
CCDDodities as plastic products ; third , there is DO accepted 
analytical method to detect hex residues ; and finally, the 
forms of hex reaction products that are stable enough to 
leave terminal residues in the environment ud that may be 
toxic to biological systems are largely unknown , although 
they may result in critical impacts on human health ud the 
environment . 

An important aspect of hex that should . be noted is that 
it is chemically volatile. Thus , initial study of the 
impact of hex residues on human health and the environment 
should focus on residues in the atmosphere. 

DYNAMICS IN 'l'BE ENVIRONMENT 

� environmental distribution ud significance of 
pesticides have been reviewed by various authors (Livingston 
1 977) . There are certain general characteristics among 
organochlorines that may vary considerably from one compound 
to another. Many such formulations are characterized by 
resistaDCe to degradation , complex decomposition mechanisms ,  
environmental stability a nd  pers istence , bioconcentration, 
and biomagnification. Often, these chemical properties 
depend upon a compound ' s  solubility. While the 
individualized , compound-specific differences in the 
behavior of organochlorines indicate the importuce of 
making a detailed evaluation of each compound , the proven 
environmental stability of this group indicates that their 
c0111110n characteristics should be included in any evaluation 
of their dynamic relationships in natural systems. 

Kepone 

Kepone is relatively insoluble in freshwater and in 
seawater. It leaches readily through various soils , 
although some studies indicate that under certain conditions 
it can be stable and persistent in soils (U. s .  EPA 1 978) . 
It is toxic to certain microorganisms. Aquatic plant and 
animal species can be highly efficient in accumulating 
Kepone • and it is known that a l arge Kepone reserve can be 
found in the flesh of f ish (SUta 1 977) . The ability of 
different species to concentrate Kepone varies considerably, 
however • as a consequence of differences in depuration 
rates • which oan be high in such organisms as oysters and 
low in some fishes. In general, Kepone is susceptible to 
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transfer from particulate or f()()d-web procenea to higher 
trophic levels with relatively efficient mechanisms for 
biological magnification , including concentration in humans 
(U. S.  EPA 1 978) . 

Because Bepone baa been considered a minor pesticide , 
little literature exists about the distribution of ita 
residues . Moat information on the mechanisms for 
environuenta l transfer of Bepone , for exaJDPle , comes from 
the incident at Hopewell, Virginia ,  which represents a 
s ing le point source and a unique exposure. 'l'hia incident 
baa made it clear that Bepone ia environuentally persistent 
and baa chemical characteristics that tend to follow the 
behavior of several other organochlorine compounds such aa 
DDT and dieldrin (U. S. EPA 1 978) . 

According to reaul ta disclosed at the Fourth Biennial 
:I nternationa l  Estuarine Research Conference (Mount Pocono , 
Pennsylvania , 1977) , Kepone baa dispersed through the James 
River estuarine system via turbulent mixing, river inflow, 
and tidal fluctuations. 'l'bere were indications that the 
deposition rate contributed to the distribution of sediment 
contamination. Garnaa et al. ( 1 977) , using static and 
cont inuous-f low estuarine microcosms , showed that Bepone 
desorb& from sediments taken from salt marshes and the James 
River, and that such processes remain independent of 
prevailing temperature and salinity. o•connor and Farley 
( 1 977) indicated that the distribution of Kepone in the 
Jame s River system was affected by physicochemical and 
biological mechanisms . These included hydrodynamic 
phenomena (solution , suspension, 1110vement) , adsorption and 
desorption from suspended and bed solids (incl.uding settling 
processes and reauapenaion) , and assimilation-excretion 
routes through food webs .  Bender et al . ( 1 97 7 )  found 
variable Kepone residues in Chesapeake Bay biota , and that 
such distribution depended on 11 fe-hiatory patterns of 
individual species . Bioconcentration by finfish was 
apec iea-apecific , with considerable dependence on the 
residence time of migratory fishes. Residues generally 
decl ined with distance from the source . Bahner and Nimmo 
( 1 97 7) , in a aeries of experiments , found that :repone was 
concentrated by various organisms with bioconcentration 
factors as high aa 1 3 , 000 times those under chronic 
conditions . There were indications that rapid uptake from 
food and water , relatively s low depuration in certain 
species , and high water solubi lity led to the transfer of 
Kepone through food webs. They postulated that this could 
pose a threat to consumers . 
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Mirex 

'lbere is a considerable body of information about the 
behavior of mirex in environment al systems (Collins et al. 
1974) . Xn addition to the control of the imported fire ant, 
mirex also has been used to control the pineapple mealy bug 
in Hawaii. 

Mirex can be concentrated in fishes directly from 
sediments (Kobylinski and Livingston 1975) , water, or food. 
While photodecomposition products (enhanced by interaction 
with aliphatic amines) can occur and are presently being 
used to enhance decomposition in field use, the toxicity of 
the resulting monohydro, dihydro, and trihydro degradation 
products remains unknown. Xn addition , Cripe and Livingston 
( 1977) found that certain photodecomposition products 
accumulated on bait particles leached by seawater and that 
organisms in a simulated marsh concentrated one of these 
compounds in a manner similar to mirex itself. 
Decomposition products must therefore be included in any 
evaluation of the •disappearance " of the parent compound. 

Mirex residues are quite persistent in various species. 
'!'he resistance of mirex to degradation and metabolism leads 
to environmental stability and biomagnification through 
terrestrial (including the human webJ and aquatic systems 
(U. s .  EPA 1978) . However, the fate of mirex in the 

environment and the associated transfer mechanisms have not 
been well defined. 'l'he situation is further complicated by 
an inability to account for almost half tbe mirex sold from 
1962 to 1973 and, in some cases, tbe mixing of usage data 
for flame retardant and fire ant control programs. 

Like Kepone, mirex is mobile but, because of its 
solubility characteristics, it is not readily transported as 
a dissolved substance in water and probably moves through 
the environment dissolved in aliphatic materials andlor 
adsorbed to particulate matter ( U. S. EPA 1978) . Because of 
its mode of application, atmospheric contamination and 
dissemination are unlikely. Extensive residue surveys 
indicate that various factors are instrumental in the 
distribution of mirex, including : proximity to treated 
area, rate of decomposition, rainfall patterns, surface 
runoff, duration of exposure, seasonal population movements, 
avoidance behavior, trophic relationships, and other habitat 
considerations (Suta 1977). Like Kepone, mirex thus 
possesses chemical characteristics that lead to 
concentration in nontarget terrestrial and aquatic 
organisms. 
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Bexachlorocyclopentadiene 

The use of hex for the manufacture of various 
insecticides and fire retardant materials will evidently 
continue for the immediate future (U. S .  EPA 1 978) . some 
assessment of the environmental movement of this compound is 
therefore necessary. such an evaluation of hex should 
include studies of exposure to its by-products and residues , 
its potential release as a contaminant of various technical­
grade products , and the environmental characteristica of 
f ire retardants and hex-based insecticides and their 
metabolic by-products. 

Few scientific data exist about the movement of hex 
through terrestrial and aquatic systems (U. s. EPA 1 978) . It 
is known that the compound is re latively insoluble in water 
([ 0 . 805  ppm ] u. s .  EPA 1 978) . and that it tends to be stable 
in the environment and breaks down slowly. Bacteria appear 
to provide the most common mechanism for deqradinq hex , 
although some findings indicate that hex is not only 
resistant to microbial action but may be toxic to organisms 
that are capable of detoxifying it. Lu et al. ( 1 975) , using 
model terrestrial and aquatic ecosystems • showed that hex 
has considerable stability in the environment. It is 
concentrated by various organisms and the concentration is 
increased as it moves through food chains (e. g. , snails , 
mosquitoes , and f ish concentrate hex 929,  1 , 6 3 4 ,  and 448 
times, respectively [ Lu et al.  1 975 ]) • However • there are 
no other available studies and ,  although there are early 
indications that hex acta in a fashion similar to certain 
other organochlorines , such as DDT, in the terrestrial and 
aquatic environment, there is little information about the 
behavior of the compound under f ield conditions . 

1 :Kepone ® indicates a registered trademark. In the rest 
of the report the product is referred to as Repone. 

2 Dechlorane® indicates a registered trademark. In the 
rest of the report the product is referred to as 
Dechlorane. 
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CBAP"l'ER 2 

El[PQBURIS '1'0 BtiiAN§ AND ECIMAUS OF COl!BBQuENT USIB 

Dis:rBJBU'l'ION OF EXPOSURES 

The potential for human exposure to Kepone aDd mirex has 
been assessed by tbe stanford Research Institute (Suta 1977i 
on the basis of a detailed , review of the occurrence of 
residues in environmental samples.  The study ' s  overall 
estimates of human exposures are summarized in Tables 2. 1 
and 2 .  2 .  According to these estimates , the most important 
human exposures to Kepone and mirex (other than exposures of 
very small numbers of persona to locally high concentrations 
near manufacturing sites and polluted rivers) are the 
followinq: 

Kepone : From consumption of mothers • milk in the 
southern United States ; average daily intake of the order of 
1 microgram, involving some 3 , 00 0  breast-fed infanta at any 
one time. 

-From consumption of seafood from Chesapeake Bay ; 
average daily intake of the order of 1 microgram , involving 
5 to 1 0  million people. 

Ilia&: From consumption of seafood from Lake Ontario , 
the st .  Lawrence estuary, · and the southern United States ;  
average daily intake o f  the order of a few tenths o f  a .  
microgram, involving up to 5 million people . 

--Prom consumption of game birds and mammals in the 
southern United states : average daily intake of the order of 
a few tenths of a microgram, involving roughly 9 million 
people. · 

��&: 1!o estimates of exposure were made by suta ( 1 977) ; 
this reflects the absence of any specific data on the 
distribution of hex in the environment. 

The Panel accepts the estimates in Tables 2 . 1 and 2 . 2 as 
a reasonable interpretation of the available data ; the data 
themselves , however, are fragmentary and incomplete . The 
Panel has identified several problem areas in which huaan 
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� 2 . 1  Human Population Expoaurea to Environmental Kepone 

Select hat 
Coaet Atlantic 
Ocean Pieh 

Spring Creek 
fiahh 

Mother a '  llilk 

At;.,epheric 
Saeic product 
.anufacturing 
neighborhoods 

Indoor ant bait 
uee 

Indoor ant trap 
UH 

Drinking Water 
Lower James 
River 

'rOb& ceo 
110 concentrations 
reported 

Average 
Bllvirmmental 
Concentrations 

o . t-2 . 0  ppm, finfish 

0 . 3- 3 . 0  ppm, crabs 

o . l-0 . 2  ppm, oyster• 

0 . 01-0 . 08 ppa , finfish 

0 . 008-0 . 0 5  ppm, oysters 
0 . 10-0 . 2 6 ppm, crabs 

0 . 0 1-0 . 0 t  ppaf 

0 . 025-0 . 2 3  ppll 

< 3 ppb 

<50p g/•3k 

< 0 . 3ng/m31 

< 9ng/m31 

< 0 . 1-lQ pph 

1 pptn 

calculated 
Average Adult 
Daily Exposure 

0 . 3pgh 
3 . 5 pg8 

o . o2-o . 2o..gi 

o . u- 1 . 33pgj 

0 . 6- 1 . 9 11g 

<750.. gk 

< t , 5ng 1 

< 1 3 5ngl 

< 0 . 15-15119 

0 . 004ni' 

At-Riek 
Population 

5-10 llillion 

• 5 7 0 , 000 

very few 

3 , 300 

115 , 000 

<6-12 llillion/yr 
COIIIbined 

< 35 1  of u . s .  adults 

a 'l'be J ... e River estimates aaa1.1111e 
·
that the river ie open with rio res trictions . 

b lased on consumption on e apeciee bae i e . 
c laeed on eating only seafood taken from the Jame s . 
d Rot estimated because the river ie currently closed to the taking of .. ny species . ; lased on eating only seafood taken from the Say . 

Mainly blue fish . f Saaed on consuming only blue fish ae the entire finfish component of the diet . 
catch taken near the Nease plant . 

i
j Saeed on freshwater fin fish consumption . 

Saeed on all flnfieh consumption . 
k 'l'be .. exposures no longer exist because the basic product ie no longer manufacture d .  
1 D ue  to volatiliaation , concentrations could b e  higher due t o  suspension of detached 

bait particles . 
• Although these concentrations have been reported for the J ... a ,  they are not 

appl icable to any municipal water supply .  
D 'l'b e  eeti .. te i e  baaed on plant root uptake data r no concentration data have bean 

reported . 

80URCB 1  Suta ( 1 9 7 7 ) . 
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TABLE 2 . 2 Human Population Exposures to Environmental MiTex 

Source 

Pood 
Lake Ontario 
H&food 

St . Lawrence 
aaafood 

Southaestem 
aaafoodC 

Spring creek 
find 

Southeaatem 
wild ga. 

AtiiiDapheric 
Baa ic product 
aanufacturing 
neighborhood• 

Arau of llirex 
bait 
application 

Drinking Water 
Ro contaminated 
auppliea 
found 

�bacco 
Ro concan-
trationa 
reported 

Average 
Bnvironmantal 
COncentration• 

< O . Dl-0 . 2  ppa 

0 .  02-0 . 10 PPIII 

0 . 01-0 . 0 3 PPIII 

0 . 02-1 .00  PPIII 

<0 . 06 PP111 

Nl!
f 

<0 . 006 ng/DI 3
g 

< 0 . 1  ppb
h 

< 1  ppt
i 

:aa•ed on fraahwater finfiah conaumption . 

calculated 
Average Adult At-Riak 
Daily Exponra Population 

• 
cg :n :� < 1  aUl ion 

• 0 . 06 ��� <100 thouaand 
0 . 39 II 

0 . 02 ll g: 
<0 . 13 ll g  <4 . 5  ai l l ion 

0 . 02-0 . 09 ll g: very few 
0 . 12-5 . 80 ll g  

<12 II g. j <9 lli llion 
<0 . 1  ll g  

IIB
f 130 , 000 

< 0 . 09 ng
g < 300 , 000 

<0 . 15 " g
h n' 

0 . 004 nl < 35' of u . s .  adult• 

Basad on all finfiah consumpt ion . ��- or fish taken from area• in which airex bait has bean applied. 
:catch taken near the Naaae plant . 
•

considered an ext reme overeatimate 1 baaed on wild game ful f i l l ing the requirement 
for all meat in the diet . 

f
Rot aatimated ; expoaurea no longer exiat . 

gconaidered to ba an upper limi t .  h
Thi a  ia the lower limit o f  detection for moat aampl ing ; n o  water auppl ias were 

i
found at thia concentration . 
An esti��ata baaed on plant root uptake data 1 no concentration data have bean 

jreportad. 
Average per capita conaumtion . 

SOURCE •  Suta 11977 ) . 
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exposures might prove to be greater than those indicated in 
�abies 2. 1 and 2 . 2 .  

Kepone from Ant Traps 

:In the United states , Kepone has generally tleen used 
indoors in the form of traps and baits against ants and 
cockroaches. Direct calculation of the concentrations of 
Kepone in the atmosphere of buildings resulting from this 
use involves a number of uncertain assumptions (Suta 1977) ; 
better estimates of potential human exposure may be obtained 
by materials accounting methods. Kepone introduced into a 
building in an insect trap is translocated by the insects 
themselves , and after the insects • death is dispersed 
through the building as vapor . on dust particles , or 
attached to surfaces. Removal from the building can occur 
through disposal of the trap, through ventilation,  or 
through sweeping and disposal of dust. Unless the trap is 
discarded prematurely, all these processes are likely to be 
slow, affording prolonged opportunity for exposure of the 
occupants of the building. :rn a building in which three 
traps are used annually • as much as 22.  5 mq of Kepone might 
be dispersed each year (Suta 1 977 ) . :If only 5 percent of 
this quantity were inhaled or ingested by the occupants , 
this would correspond to total absorption of 3 ,..g per day. 
Since other pesticides such as chlordane are known to be 
concentrated in indoor air and home dust (Starr et al. 1 974 , 
Tessari and Spencer 1 9 7 1 )  this is  potentially a major route 
of human exposure to Kepone. 

Kepone and Mirex in HUman Milk 

Kepone has been detected in only 9 of 298 samples of 
human milk analysed in the United States, and mirex has not 
been detected at all (Suta 1 977) . However, the detection 
limits were fairly high-- 1 ppb and 30 ppb respectively--and 
Kepone was sought only in samples from the southern United 
states .  Extensive studies of other chlorinated hydrocarbons 
have shown that they are stored in human fat , and secreted 
in milk at concentrations similar (on a lipid basis) to 
those in the tissues of the mother (see Table 2 . 3) . 
Accordingly, the daily intake of these compounds by breast­
fed infants is typically about the same as that of their 
mothers--i. e. , it is 5 to 30 times higher on a f19/kg basis 
(Table 2 .  3) • :In view of their similar properties (stability 
and lipophilicity) , Kepone and mirex would be expected to 
behave similarly. 

Bence • for Kepone . breast-fed infants whose mothers 
consume seafood from Chesapeake Bay would be expected to 
inqest roughly 1 f19 per day (close to the detection limit in 
milk) . For � .  the occurrence in human adipose tissues 
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in individua ls from the southern United States would be 
expected to lead to corresponding levels in human milk. 
Estimating a mean level of about 0. 1 ppm in maternal adipose 
tissue (U. s .  EPA 1 978) , this would be expected to lead to 
ingestion of roughly 2 f.1CJ per da y  by br east- fed infants , by 
analogy with UAD§-nonachlor (see Table 2.  3)  • 

Kepone in Banana-growing Areas 

Mo st Kepone has been used for soi l treatment of banana 
plantations in Centr al Amer ica and the Car ibbean ar ea , 
including Puer to Rico . In one field test ,  application of 
Kepone to soi l  at 6. 73 kg/ha (active ingr edient) led to soil 
r es idues in the range of 1 5  to 25 ppm, pers isting for at 
least siz months (United Fr uit Company 1 969) . 

'ltle potential for human exposure thus exists , thr ough 
consumption both of livestock which may forage in treated 
areas , and of fish in surface waters polluted by runof f .  
Although specific data for areas tr eated with Kepone are 
lacking , analogous data for dieldrin show the potential for 
contamination by erosion of soil fr am treated fields . In a 
study in Ontar io ,  streams dr aining agr icultural land in 
which dieldr in residues in soi l averaged about 0. 16  ppm 
contained dieldrin at concentr ations ar ound 1 ng,l , and f ish 
in these streaJDS contained die ldr in at conceatrations in the 
r ange o£ 0. 003 to 0. 23 ppm with a mean concentr ation of 
about 0 . 04 ppm (Prank et al. 1 974) . Similar data have been · 
obtained in Iowa in which dieldrin residues in the r ange of . 

0. 0 1  to 1 . 6  ppm in fish have been associated with r unoff 
f rom fields containing soil dieldrin residues in the range 
of 0 . 1 to 0 . 5 ppm (Morr is and Johnson 1 97 1 ,  Kellogg and 
Bulkley 1 976) . Assuming that Je pone would behave similar ly 
to dieldr in, r unoff fr om soils containing 20 pp111 Kepone 
would lead to residues in fish of the or der of 1 0  ppm--two . 
order s of magnitude higher than those in fish in the 
northeaster n  United States . 

QUALITATIVE ESTIMATES OF RISK 

Kepone 

Kepone is lethal as a s ing le dose to rats , rabbits , and 
dogs (U. s .  EPA 1 978) . It is not metabolized in mice (Huber 
1965) , and in keeping with a lack of metabolism for 
toxicity , the sex of the animal 11111kes no signif icant 
differ ence to toxicity .  '!'bus , it is likely that it would be 
s imi larly toxic to all mammals including humans . 

SUbacute toxic effects have included growth depr es s ion , 
tre1110r s ,  hepatomegaly , and reproductive failur e  in mice 
(Huber 1965) and rats (United Fruit Company 1 969) . In male 
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'l'ABLB 2 . 3  Intake of Chlorinated Hydrocarbons by Breast-fed Infanta COmpared 
to that of the Average Adult in the u . s .  Population 

Batilllated Mean Level Mean Level Batilllated Ratio of 
Daily Intake in Adipose in HWII&n Dai ly Intake .Intakes , 
by Average Tissue Lipid Milk Lipids by Breast-fed Infant : 

Chellical Adult ( llg )  a of Adults (ppm) C Infant ( ll g) d Mother 
(ppm) b 

p , p '  -DDB 5-2 8 .  5-7 2 . 3  8 7  3-1 8 : 1  

PCBa 9 ca .  1 . 3  1 . 8  6 8  7 . 5 : 1  

Dieldrin 8 0 . 24 0 . 1 2  4 . 6 0 . 6 : 1 

Heptachlor 2 . 4  0 . 0 8 5  0 . 054 2 . 1  0 . 9 : 1  
epoxide 

Oxychlordane 9 0 . 11 0 . 05 8  2 . 2  0 . 25 : 1  

Iaili- 2 . 2  0 . 12 ca . 0 . 0 5  1 . 9  0 . 9 : 1  
nonachlor 

a Data for DDE and PCBs from u . s .  · PDA Diet Survey as reported by u . s .  EPA ( 1 9 7 5 )  and Jel inek 
and Corneliussen ( 1 9 7 6 ) r data for other chemicals derived from mean tissue leve l s  
b y  pbarmacok inetic calculations (Hunter et al . 1 9 6 9 , Moriarty 1 9 7 5 , Nisbet 19 77 ) 
Note that dietary intakes of DDE decreased s ix-fold between 1 9 6 6  and 1 9 7 3  without 
a correspondingly large decl ine in tissue storage levels ( U . S .  EPA 1 9 7 5 )  

b Data from u . s .  EPA HWIIIlft Mon itoring Survey as reported b y  Ku�z and StrasslllllD ( 1 9 76 ) , 
Kutz et al . ( 1 9 76 ) , u . s .  EPA ( 1 9 7 5 ) . 

c Data from national survey in 1 9 7 5 - 1 9 7 6  ( U . S .  EPA 1977b) 

d Assuming a 6 kg infant ingesting 1 0 0 0  ml mi lk containing 3 . 8, fat 
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rats. atrophy of the testes occurred. �xic effects in 
humans also include weight loss. neurologic impairment. 
abnormal liver function. skin rash. and reproductive failure 
(Center for Disease Control 1976 ) . 

Repone crosses the placenta of mice and accumulates in 
fetuses (Huber 1 96 5) . Xt bas caused fetal mortality and 
congenital malformations in mice and rats (Chernoff and 
Rogers 1 976) . The malformations included enlarged renal 
pelves. undescended testes. and enlarged cerebral ventricles 
in rats. and clubfeet in mice. '.rhe molecular size and 
lipophilicity of Kepone suggest that it could cross the 
human placenta. Although no data on human transplacental 
effects are available. a potential hazard must be assumed. 

Repone is excreted in humans • (Suta 1977) and cows • 
(SIIlith and Arant 1967)  milk. It accumulates in the tissues 
of suckling mice nursing on exposed mothers (Huber 1 96 5 ) . 
No evidence of newborn human tozicity from either mothers • 
milk or contaminated cows • milk is ava ilable. but a 
potential hazard must be assumed. 

Kepone has considerable potential for chronic toxicity; 
it is eliminated faster than mirex (Huber 1 9 6 5 )  but still 
slowly. and hence accumulates. Because of its 
lipophilicity. it is stored in animal tissues such as liver. 
brain . kidney. and fat. Chronic toxic .effects on mice 
included weight loss. neurologic impairment. hep atomegaly. 
reproductive failure . reduced hematocrit. and nephropathy. 
Similarly. in humans it is found in liver and fat. The most 
frequent sign of toxicity in humans is nervousness and 
tremor. but opsoclonia. hepatomegaly. and abnormal sperm 
morphology are also prominent (Cannon et al • •  in press) . 

Kepone bas mainly caused liver tumors in mice and rats. 
although other malignancies of the rat thyroid and 
reproductive system have been reported (National Cancer 
Institute 1 976) . Xt is therefore carcinogenic for rodents 
and must be considered a potential human carcinogen. 

Mirex 

Mirex is lethal as a single dose to rats (U.S. EPA 
1 978) . Xt appears not to require metabolism in order to 
exert its toxicity and. in keeping with this. toxicity does 
not differ significantly between sexes. Thus. it is likely 
that it would be similarly toxic to all mammals including 
humans. 

�e subacute toxic effects most commonly observed in 
mammals have included weight loss. hepatomegaly. and 
reproductive fai lure (U. s. EPA 1 978) . An important feature 
of the effect on the liver is the induction of mixed 
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f unction oxidases (Baker et al. 1 972) . Again . in view of 
the apparent lack of a requirement for metabolism and of the 
documented multi - species effects • it is concluded that 
s imi lar toxicity to humans 11110uld occur. 

Mirex crosses 1:be placenta of rats and accumulates in 
fetal tissues (Gaines and Kimbrough 1 97 0 .  Kbera et al . 
1 976) . It also induces a low incidence of cataracts in 
transplacentally exposed fetuses (Gaines and Kimbrough 1970) 
as well as visceral anomalies including scoliosis . cleft 
palate . short tail . and heart defects (Kbera et al. 1 976) . 
The molecular size and lipopbilicity of mirex suggest that 
it could cross the human placenta. Although no data on 
human transplacental effects are available . a potential 
hazard must be assumed. 

Mirex is a lso excreted in 1:be milk of rats (Gaines and 
Kimbrough 1 970) . cows (Collins et al. 1 974) . and goats 
csmrek et al • •  in press ) . and induced a high incidence of 

cataracts in rats nursed from exposed foster mothers (Gaines 
and Kimbrough 1 970) • Kepone . as well as other 
organochlorine pesticides . bas been found in human mi lk and . 
therefore • it seems likely that mirex would also be excreted 
in milk . although none was detected at a level of 
sens itivity of 3 0  ppb in 1 . 436 samples taken nationwide 
(SU1:a 1977) • No evidence of human newborn toxicity from 

either mothers 1 milk or contaminated cows 1 milk is 
available . but a potential hazard must be assumed. 

Mirex bas considerable potential for chronic toxicity 
since it is not metabolized . is eliminated very slowly . and 
hence accumulates (Ivie et al. 1 974) . It is stored in 
animal tissues such as fat . liver . and brain. Mirex is 
found in human fat (Suta 1 977) . but human chronic toxicity 
bas no1: been reported. 

Mirex bas caused liver tumors in mice (Innes et al. 
1 969) and rats ( Ulland et al . 1 9 7 7) and therefore must be 
cons idered a potential human carcinogen. 

Bexacblorocyclopentadiene 

Hex is lethal as a single oral dose to mice. rats .  and 
rabbits (Treon et al. 1 95 5) . Toxic changes occurred in 
brain. heart . liver . adrenal glands . kidneys . and lungs . It 
is also a skin irritant in rabbits and monkeys . and i s  
s uffic iently absorbed t o  produce toxic and lethal effects 
(Treon et a l .  1 955) . The irritant effects on humans are 

well known (Ingle 1 953) • Vapors of hex are toxic 1:o mice 
(Ingle 1 9 53)  and letha l to mice . rats . guinea pigs . and 

rabbits (Treon et al . 1 955) . 
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Repeated iDbalation of bex by mice, rata , guinea pigs , 
and rabbits produced toxic and lethal effects ('l'reon et a l. 
1 9SS , Industria l Bio-Teat Laboratories , Inc. 1 97 S) . It is 
likely that it would be similarly toxic to humans. 

Chronic peroral toxicity was not found in rata 
(Naiahtein and Liaovakaya 196 S) , but chronic inhalation 

produced degenerative changes in the livers and kidneys of 
rata , guinea pigs , and rabbits (Treon et al . 1 9SS) . Similar 
toxicity to humans is likely. Rex was not found to be 
mutagenic to §almgpella typbimurium e ither with or without a 
rat liver microao-.1 activating system ·(Industrial Bio-Teat 
Laboratories , I nc. 1 977) . 

QUAN'l'I'l'ATXVE ESTXMADS OF lU:Slt 

Kepone 

'ltle acute toxicity of Kepone is greater than that of 
mirex in rats. The single-dose LD80a in rata , rabbits , and 
dogs (U. s .  EPA 1 9 78) were in tbe range of 7 1 to 2SO mg'kg 
and, thus , did not vary more than four-fold between species . 

A dose of 9 . 6  mg�g :Kepone dai ly for five days to rats 
produces tremors . Exposure to 40.  ppm :Kepone in the diet for 
f ive days is suff icient to produce liver and fat deposits in 
mice that are 2S to SO percent of those observed in severely 
intoxicated humans, (i . e . , about SO ppm in fat , ( Center for 
Disease Control 1 976 ]) • Doubling the dose in mice results 
in lethality. Thus , the acutely toxic doses in animals are 
probably a reasonable approximat ion of the dose that would 
be acutely toxic to humans . Of present possible exposures , 
the one that would produce the highest single-dose levels is 
accidental ingestion of ant and cockroach bait . Even this 
would only result in ingestion of about S mg (SUta 1 977 ) ,  
which for a thirty-pound child would be about 0 . 07 S  mg'kg 
and, thus , below the expected toxic dose. 

In studies of subacute toxicity , cows suffered no ill 
effects at S ppm for 60 days (smith and Arant 1 967) . Levels 
of 3 0  ppm induced tremors in mice within four weeks (Huber 
1 9 6 S )  and SO ppm did so in rats within three weeks (United 
Fruit Company 1 969) . Mice developed hepatomegaly on 40 ppm 
and were ki l led by 80 ppm within 32 days (Huber 196S) • In a 
three-month study , hepatocellular changes were produced by 
2S ppm in male rata and SO ppm in females while 1 0  ppm 
caused testicular atrophy (United Fruit Company 1969) • The 
three-month chronicity factor is 4 1  (Jaeger 1 976) . No human 
toxicity as a result of repeated oral intake of Kepone has 
been reported , but toxicity would be expected at doses 
comparable to those affecting other mamaa la . Atmospheric 
exposure to levels of up to 3 . 0 mq'm• (Jaeger 1 976) has 
resulted in an attack rate of 64 percent in production 
personne l with an average latent period of six weeks (Cannon 
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et al. , in press ) .  Apart from exposu�:e associated with 
product manufacture, the highest human atmospheric exposu�:e 
would be due to the indoor use of nonenclosed iJISect bait , 
which bas been estimated to produce a maxim1BD exposure of 9 
ngl'm• (Suta 1 97 7 ) . 'Ibis is wll below the nontoxic repeated 
doses of 1 5 . 4 �gl'l in rats (United Fruit Company 1969)  as 
well as the occupationa l exposures associated with toxicity. 

Fetal toxicity in rats and mice vas produced only at 
doses ( 10 to 1 2  mql'kgl'day for ten days) whicb were also 
acutely toxic to the mothers (Olernoff and Rogers 1976) . 
There is no evidence on which to determine whether subtoxic 
doses would affect human fetuses . 

'.l'be toxicity of post-natal expoaun appears not to have 
been studied . Tbe stomach contents of a six-day-old mouse 
nursed by a mother who bad been fed 40 ppm for six days 
contained 1 6 . 8  ppm Kepone (Huber 1 965) . Kepone bas been 
found in human milk at concentrations up to 5. 8 ppb (SUta 
1 97 7) ,  w ll below doses that a�:e toxic under other 
circumstances. 

Chronic consumption of Kepone produced tissue levels up 
to four times the dietary level (Huber 1965)  and, unlike 
mirex , there was a plateau in accumulation. Growth of rata 
and dogs vas reduced at 25 ppm ( U. S. EPA t1 978) , a level in 
the ranqe of subacute toxic and carcinogenic doses . Because 
of the cu•lative nature of Kepone , chronic toxicity at 
lower doses would be expected in all mammals , including 
humans. 

Kepone produced liver tumors in rats at doses of 23 to 
4 0  ppm and in mice at doses of 8 to 26 ppm (National Cancer 
Institute 1 976) . The mouse ·Strain used has a significant 
incidence of spontaneous lber tumors and the orqanoeblorine 
pesticide DDT bas been demonstrated to exert a promoting 
(rather than initiating or carci nogenic) effect on rodent 

l iver tumor development (Peraino et al.  1 975) • '.l'bua , the 
relevance to human cancer risk of rodent liver tumors 
induced under these conditions remains to be established. 
Nevertheless ,  the possibi lity of some risk must be asswaed. 
Evaluation of the level of this risk entails a quantitative 
e xtrapolation from animal experiments to human risk that is 
subject to a n1JIIIber of uncertainties (Boel et al. 1 9 7 5 ,  
CrUIIIp e t  a l .  1 976 , Mantel and Schneiderman 1 9 7 5 ,  Brawn 
1 97 6 ) . The process of risk extrapolation consists basically 
of two steps : ( 1 )  extrapolation within the experimental 
animal species from the hiqh- level test exposuns to much 
l ower levels : and (2) extrapolation of these low-exposure 
risks for the animal spec ies to the risks for humans at 
comparable levels. 

The first step requires the assumption of some 
mathematical model that relates the exposure level of the 
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test chemica l to the observable response under 
consideration. Although different models can produce widely 
different risks (U. S .  Food and Druq Administration 1 97 1 ) , 
the single-hit model , or sbple linear extrapo lation, should 
provide an upper bound to these low-exposure risks (Boe l et 
a l .  1 975) . A sinqle-hit mode l wi ll therefore be used here 
to estimate risks from low- level exposures to both Kepone 
and mirex. 

1be occurrence of hepatocellular carcinomas or 
neoplastic nodules of the liver is the response to be 
related to the exposure level .  Relating total tumor 
incidence to ezposure would be another approach ,  but the 
inc lusion of tumors unrelated to ezposure could bias the 
est imated dose- re sponse relationship. It should also be 
kept in mind that the experimental data used for these 
eztrapolations were not designed for low-exposure 
eztrapolations : one or two dose levels around the maximum 
tolerated dose (M'l'D) do not provide enouqh information on 
the dose- response relationship, and the published results do 
not include all the relevant information , such as correction 
factors for differential surviva l with treatment. 

'!'be uncertainties involved in eztrapolation within the 
animal species may be minor compared to those in 
eztrapo lation between species . For any chemical there are 
likely to be species differences in absorption , metabolism, 
distribution , and excretion which should be taken into 
account in quantitative extrapolation. However , with Kepone 
and mire z ,  the similarities in disposition between species 
and tbe structurally determined res istance of Kepone and 
mirex to metabolism, reduce the importance of these factors . 
Nevertheless , eztrapolating from an inbred animal strain to 
a heterogeneous population , such as ma n ,  presents problems. 
In the exper imental anima l ,  factors such as genetic 
disposition towards development of certain neoplasms and 
susceptibility to certain pharmacologic effects may be 
critical in determining the response . The effect on humans , 
as with any chemical carcinogen, can be modified by several 
factors other than genetic heterogeneity , such as exposure 
to other chemicals and diet . In the absence of comparative 
spec ies information on the fate of the chemical from 
environmental exposure to its ef fects at the tarqet site, 
the simplistic species-to-specie s  eztrapolation approach 
used here is based on an assumed equiva lence of total 
exposure per unit of body weight (National Research Council 
1 975) . Since it is not known which animal species is most 
comparable to man , eztrapolation is done for every set of 
experimental data in order to provide a ranqe of estimated 
hmaan risks . 

Because of the incompletenes s of the experimental data ,  
the use o f  a single-bit model ,  a nd the uncertainties 
involved in this extrapolation process , these estimates of 
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human risk should not be considered aa beat e stimates but 
rather aa crude upper confidence bounds to the true risk. 
This assumes that the true doae-reaponae curve is convex at 
low dose levels and that man is no more sensitive than the 
experimental animals. 

The extrapolations based on the reaulta of the National 
cancer Znstitute mouse bioassay were performed for each sex 
separately since male mice appeared to be more sensitive 
than females . The mice were exposed to Kepone for 80 weeks 
at two dose levels . The dietary levels changed over time . 
but the average ezposure levels were 20 and 23 ppm for males 
and 20 and 40 ppm for females. The total exposures per unit 
of body weight are approximately: 

KllU.: 20 X 1 o- •  X (4 X 1 0 3 ) mq (diet) /day X (7  X 80) daya 
+0. 0 3  kg (body weight) = 1 . 490 mq/kg 

23 X 1 o- •  X (4 X 1 0 3) mg/day X (7 X 80) days 
+0. 03 kg = 1 . 720 mq/kg 

Females : 20 x 1 o-• x (4 x 1 0 3) mq/day x ( 7  X 80) days 
+0 . 03 kg = 1 . 490 mq/kg 

40 X 1 o- •  X (4 X 1 0 3 ) mq/day X (7 X 80) days 
+0. 03 kg = 2. 980 mq/kg 

When the single-hit model is fit to the experimental 
data . the re lationship between total exposure and incidence 
of hepatocellular carcinoma attributable to low-level 
ezpoaure to Kepone ia approzimately proportional to 
ezposure. that is R a a X E .  where R is the lifetime 
attributable risk at a total exposure of E mil ligrams of 
Kepone per unit of body weight . and a ia the proportionality 
constant estimated from the experimental animal data. For 
males and females . these proportionality conatant.a are 

· estimated aa 9 . 3  x 1 o- •  and 2. 9 x 1 0- • . respectively. 
Because of statistical variation in the experimental data . 
the upper 95-percent confidence limits on these constants 
are 1 . 2  x 1 0-a and 3 . 9 x 1 o- • .  Besides the uncertainties 
inherent in any animal bioaaaay. the high reaponae rates 
(over 80 percent for the treated DBle mice) add to the 

diff iculty of extrapolation. Since it ia diff icult to 
determine whether or not lower dose levels would have 
resulted in similar response rates . the risk estimates based 
on these results should be given somewhat less weight than 
the others . 

The estimated human risk for a calculated cohort of 1 0  
million persons ezposed t o  1 �g/day ( see section on 
Distribution of Ezposures) is given in Table 2 . 4 .  This 
extrapo lation assumes that present exposures will bold 
constant even though this may not in fact be true. The 
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... 
... 

TABLE 2 . 4 Estimated Number of Li fetime Cancer Cases in a 
Cohort of 10 Million People Exposed to 1 p g/day of Kepone 
or Mirex throughout their Lifetime 

Source of 
Experimental Anima l  Estimated Number 

Chemical Results Species/Sex of Cancer Cases *  

Kepone National Cancer Male Mice 3 , 40 0  ( 4 , 4 0 0 )  
In stitute ( 1 9 7 6 )  

Fema le Mice 1 , 10 0  ( 1 , 4 0 0 )  

Male/Female 
Rat s 5 10 ( 9 5 0 )  

Mirex I nne s et a l .  Ma le Mice 8 4 0  ( 1 , 5 0 0 )  
( 1 9 6 9 )  

Female Mice 1 , 8 0 0  ( 2  , 4 0 0 )  

Ulland et al . Male/Female 
( 1 9 7 7 ) Rats 3 3 0 ( 4 7 0 )  

*The numbers in parethenses are 9 5 %  statistical upper confidence 
limits on the estimated numbers of cancer cases . 
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daily exposure rate was coaverted to a total lifetime 
exposure and. assuming an average 7 0-kg human whose average 
lifespan is 70 years . then a person ' s  total l ifetime 
exposure per unit of body weight is 0 . 365 mg./kg. Table 2 . 16 
gives the number of these 1 0  million people estimated to 
develop at some time in their lifetime cancer that is 
attributable to this chronic exposure. The numbers are 
calculated from the relationship R • a z E where a is the 
proportionality constant estimated from the experimental 
animal data and E is the assumed human exposure level . AS 
an example . on the basis of results for male mice exposed to 
Kepone. the estimated human lifetime risk attributabl� to a 
constant daily exposure of 1 �g would be 
R = 9 . 3 x 1 o-• z 0 . 365 = 3. 4 x 1 o-• .  which implies an 
expected 3 . 400  cases from a cohort of 1 0  lllillion exposed 
people . 'l'he linear nature of this eztrapolation 
re lationship means that since risk is proportional to dose .  
calculations would also apply to a cohort i n  wbic� the 
varying exposure among its members averages at 1 �g./day. 
Thus . Table 2. 4 can be used to provide the estimated DUIIIbers 
of cancer cases from other exposure situations. For 
example • the numbers in the table also represent estimated 
cancers from a daily exposure of 1 0  �g to a population of 
one million persons. while for an exposure of 1 0  �g./day to 
1 00 . 0 0 0  pers011s .  the estimated nWiber of cancers would be 1 0  
percent o f  those given in the table. Other exposure levels 
to other populations can also be easily derived. It should 
be reemphasized that these estimates have been derived under 
the assumptions of no threshhold and a single-hit dose­
response relationship. Since the single-hit model is 
approzimately linear at low-dose levels and linearity is an 
upper bound for a true convex dose response . these 
assumptions provide •worst case• estimates of the low-dose 
risk. Therefore • assuming man is no more sensitive than the 
experimental animals . these risk estimates should be 
considered as upper confidence bounds to the true low-dose 
risks . whch may even be zero. 

A similar risk extrapolation for the poss ible 
carcinogenic effects on humans of allowing the estimated 
Kepone stocks of 538 lb to be used over a three year period 
was completed in 1 976 by the EPA Carcinogen Assessment Group 
( U. s . EPA 1 976a) . In their view . the major concern was with 
accidental ingest ion of trap contents or paste by children. 
In the •worst case• in which a child would eat six 3 oz 
tubes of ant paste over three years . the lifetime risk with 
such exposure was a one in 400 chance of developing cancer. 
A second analysis . in which data from the EPA Pesticide 
Episode Reporting System was used to predict that 3 . 750 
children might each eat about half an ant trap . yielded a 
calculation of a probability of one-twelfth of one case of 
cancer. I n  a third analysis • an attempt was made to estimate 
parametrically the effect of a ll routes of exposure . Using 
a linear no-threshold extrapo lat ion .  the resulting number of 
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cancer cases was calculated to be 540 multiplied by the 
proportion of Repone that reaches humans. No estimate of 
this proportion was ava ilable, but as an example, if one­
tenth of one percent of the total stock ultimately reached 
humans, then about one-half a case of cancer would be 
pro jected to result. 

The quantitative extrapolation methods used here differ 
somewhat from those employed in the risk assessment 
performed by the EPA Carcinogen Assessment Group. T.beir 
analysis was based only on the experimental results from tbe 
high-dose male mice, and was extrapolated to humans on an 
equivalent dietary concentration rule (Mantel and 
Schneiderman 1 975) • we feel that a better estimate of tbe 
proportionality constant can be obtained from all the 
experimental results, not just those of the treated group 
(which gives the highest value for this constant) , and that 
different exposure durations can best be incorporated into 
the extrapolation by the rule of equivalent total dOse per 
unit of body weight. Since ma n • s  exposed lifetime is 
greater than the animal 's exposure duration, our estimated 
risks are approximately six times greater than those 
obtained by EPA. In addition, we have attempted to provide 
an indication of the variability introduced into the 
extrapolation process by the sex and strain of the 
experimental animals, and by statistical variation in the 
experimental results. Furthermore, as noted above, our 
analysis is based UPOn constant exposure levels whereas the 
Carcinogen Assessment Group used limited exposures. 

Tbe extrapolations from the data on exposure of rats to 
Repone (National Cancer I nstitute 1976) are based on males 
and females combined, since there was little evidence of a 
difference in sensitivities. Tbe rats were exposed to 
Repone in their diet for 80 weeks at two dose levels. '.rhe 
dietary levels changed over time, but the average exposure 
levels were 8 · and 24 ppm for males and 18 and 26 ppm for 
females. Assuming an average 400-g rat eating 20 g/day , the 
total exposures per unit · of body weight are approximately : 

� 
220 mg/kg 
5 7 0  mg/kg 

Females 
5 0 0  mg/kg 
730 mg/kg 

Wben the single-hit model is fit to these data, the 
proportionality constant for both males and females is 
1. 4 x 10-• with a 95-percent statistical upper confidence 
limit of 2. 6 x 1 o- • .  The number of cancers estimated to 
occur in the assumed cohort of 10 million persons exposed to 
1 �/day is given in Table 2. 4. 
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Mirex 

Tbe acute toxicity of mirex has been quanti fied only in 
rats . The lowest oral sinqle dose which will kill a rat is 
4 0 0  mgl'kg for males and 500  mq.fkg for females (Gaines and 
Kimbrough 1 969) . �e single-dose LDs o in Sherman strain 
rats was 711 0 mql'kg for males and 6 0 0  mql'kg or 365 mql'kg for 
females (U. s.  EPA 1 978) . This LDs o  is higher than that of 
Kepone or DDT (Gaines and Kimbrough 1 969)  indicating a 
lesser acute toxicity than for those agents . Single doses 
of 1 mql'kg were well tolerated by rhesus monkeys (lti.ener et 
al.  1 976)  and led to fat leve ls of 1 . 7  to 5 . 8  ppm. A 
comparison of these levels with documented levels in humans 
in the general population of up to 1 . 3  ppm in adipose tissue 
of individuals allows the assumption that similar acute 
doses could be tolerated by humans , but that toxicity would 
occur at the doses that are toxic to other mammals . 

SUbacute effects have been observed at rather low levels 
of exposure . X n  rats , 1 . 0  ppm i n  the diet caused induction 
of cytocbrame P- 11 5 0  within 1 4  days (Baker et al . 1 972) . 
Toxicity was not observed in rats at dietary levels of 50 
ppm (3. 1 mql'kgl'day) (Gaines and Kimbrough 1 96 9 )  whereas mice 
were killed within 1 4  days by feedinq at that level (Ware 
and Good 1 967) . Oral administration to pregnant rats on 
days 6 to 1 5  of gestation produced toxic effects with daily 
doses of 3 . 0  to 1 2 . 5 mql'kg (Khera et a l .  1 976 ) . These doses 
resulted in adipose levels of 48 to 28 1 ppm. The 90-dose 
LDs o  in rats is 6 . 0 mql'kg , giving a chronicity factor (ratio 
of the single dose LDs o  to the 9 0-dose LDse [ Bayes 1 9 67 ] of 
60. 8 [ Gaines and Kimbrough 1 97 0 ]) . Thi s was very high in 
comparison to chronicity factors of 5. 11 for DDT and 1 2 . 8 for 
dieldrin, indicatinq a highly cumulative effect. Thus , the 
current u. s. Food and Drug Administration food tolerances of 
0 . 3 ppm in f ish and shellfish and 0. 4 ppm in crabs are close 
to dietary levels producing biochemical abnormalities in 
other mamma ls , but below subacute toxic levels . 
Furthermore , it is unlikely that humans would consume a diet 
uniformly contaminated to that leve l .  Xn fact , the highest 
human adipose level detected in the EPA monitoring program 
(i. e . , 1 . 3  ppm) was 1 1' 1 6 0  of that (i . e. , 2 1 1 ppm) produced 
in rats by feeding 3 ppm for six months (Ivie et al. 1 9711) . 
Therefore , the levels which have been permitted in human 
food are unlikely to cause subacute toxicity, but it would 
be expected to occur at doses simi lar to those active in 
other m&llllllills.  

Transplacental exposure of rat fetuses carried by 
mothers fed 5 ppm resulted in a 1 . 6-percent incidence of 
cataracts (Gaines and Kimbrough 1 970) . Treatment of 
pregnant rats on days 6 to 1 5  of gestation re sulted in 
visceral anomalies in the fetuses with doses of 6 . 0 and 1 2 . 5 
mgl'kg, but not with 1 . 5  and 3. 0 mql'kq . Although the doses 
producing ma lformations were also toxic to the mothers , 5 
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ppm was wll tolerated and. thus • a teratogenic hazard to 
humans at nontoxic doses must be presumed. 

Post-natal exposure of rats as a result of nursing on 
foster mothers fed 5 ppm for 7 3  days before nursing produced 
a 38-percent incidence of cataracts in the newborns (Gaines 
and Kimbrough 1 970) . The mirex content of milk recovered 
f rom the stomachs of the newborns vas 1 1 . 3 ppm. Mirex has 
not been found in human milk (SUta 1977) • and the 
concentration in whole milk from cows grazing in a treated 
pasture was 0. 002 to 0 . 007 ppm (U. s .  EPA 1 978)  or less than 
0 . 3 ppb within s ix months after treatment (Hawthorne et al. 
1 974) . Thus . any potential human exposure from this source 
is well below the toxic levels in animal studies. 

Chronic dietary consumption of mirex results in tissue 
accumulations of up to 1 20 times the intake levels (Ivie et 
al. 1 9711) • Furthermore. unlike other organochlorine 
pesticides (e. g  • • DDT. dieldrin) there seems to be no 
plateau in tissue residue concentration (Ivie et al. 1974) . 
However. doses of up to 30 ppm to rats for 1 6  months (Ivie 
et al. 1 974) and 1 mgl'kg to goats for 6 1  welts (Smrek et 
al . • in press )  were reported to be without toxicity. Human 
fat concentrations of up to 1 .  3 ppm (U. s. EPA 1978) indicate 
very low levels of exposure that would be below toxic doses 
in animal studies .  

Mirex is hepatocarcinogenic i.n mice (Innes e t  a l .  1969)  
and rats (Ulland et al . 1 977) . The mouse strains used have 
a significant incidence of spontaneous liver tumors and the 
dose in rats was sufficient to induce ' hepatotoxic changes .  
With the same reservations described i n  t he  extrapolation of 
human risk from the Kepone data and following the same 
procedures . extrapolations were performed on the results 
obtained in these studies . 

In the testing of mirex in mice (Innes et al. 1969) . the 
two strains of mice used wre equally sensitive and 
therefore wre combined in the analysis . However . since 
fema les were apparently more sensitive to mirex than males . 
the extrapolations are based on each sex separately. The 
mice were exposed when they were between 7 and 28 days old 
to mirex •t a level of 1 0  mqntg by stomach tube • and then at 
26 ppm in their diet throughout the remainder of the study 
(terminal necropsy at age 59 · we k8 for males and 69 to 70 

weeks for females) • For purposes of computing total 
exposure per unit of body w ight . it is assumed that a young 
mouse weighs 1 0  g and an adult mouse weighs 30 g while 
consuming 4 g of food daily. The total exposure for ma les 
is:  

1 0 mql'kgl'day x 0 . 0 1  kg x 21  days = 2 . 1 mq + 
2 6  X 1 Q- 6  X ( II  X 1 03) mgl'day X (7 X 55) days • 110. 0 mq 

= 112. 1 1119 
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The total exposure for females i s  169. 8 111CJ because of their 
longer exposure at 26 ppm in the di� . Those exposures per 
unit of body weight are approximagely 1 , 1600 mg/kg and 1 , 660 
mg/kg , respectively. 

For males and females the proportionality constants are 
estimated as 2 . 3 x 1 0- •  and s . o x 1 o- • ,  respectively. 
Because of statistical variation in the experimental data , 
the upper 9S-percent confidence limits on these constaats 
are 16 . 0 x 1 0-• and 6 . S  x 10- • , respectively. The estimated 
human risk for the assumed cohort of 1 0  million persons 
constantly exposed to 1 �g/day ( see section on Distribution 
of Exposures) is given in Table 2 .  lt .  

The extrapolations from the data on exposure o f  rata to 
mirex (Ulland et al. 1 9 77) are based on both males and 
fema les since there was no evidence of different 
sensitivities . The animals were exposed at 4 0  and 80 ppm in 
their diet for 9 weeks and at SO and 1 0 0  ppm from the 1 0th 
week through 1 8  months . Assuminq an averaqe 1600-g rat 
eatinq 20 q/day, the total exposures are :  

It O  X 1 G-6 X (20 X 1 0 3 )  mq/day X (7 X 9 )  days = 
S O  X 1 G- 6 X (20  X 1 0 3) mq/day X (7 X 6 9 )  days = 

S O . It mq + 
483 . 0  mq 
S33 . 1t IIICJ 

for the lower dose animals and 1 , 066. 8 mq for tbe hiqher 
dose qroup. These exposures per unit of body weight are 
approximately 1 , 3 3 0  mq/kg Clnd 2, 6 6 0  mq/kq. When the single­
hit model is fit to these data , the proportionality conataat 
for both males and females is estimated as 9 . 0 x 1 o-• with 
an upper 9 5-percent confidence limit of 1 . 3 x 1 o- • .  The 
estimated human risk for the assumed cobort of 1 0  million 
persons exposed to 1 �/day is qiven in Table 2 . 1t .  

Bexachlorocyclopentadiene 

�e oral LD s o  of a single dose of hex was lt30 mq/kq in 
mice (Lu et a l .  1 97S) , and S84 mq/kg in rats (Velsicol 
Chemical Corporation 1976) . Estimation of acute toxicity to 
rats yielded LDsos for a sinqle oral dose as SOS  mq/kq 
(Treon et al. 1 9 SS) , and 600  mq/kq (Naishtein and Lisovakaya 
1 96 S ) . The minimum lethal dose in female rabbits is 420 
mq/kq (Treon et al.  1 9SS) . The similarity in these toxic 
doses and the absence of known metabolism suqqest that hex 
would be similarly toxic to humans . 

Exposure of rats to concentrations of 0. 0 0 0 6  and 0 . 0 1 4  
mq/1 of air for six hours per day, five days per week for 
four weeks resulted in toxic liver chanqes , but 
administration of 30 to 300 ppm in the diet produced no 
subacute toxicity in a 90 day study (Industrial Bio-teat 
Laboratories , Inc. 1 97S) . 
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No chronic toxicity was noted in rats administered 
o. 0002 and 0 .  00002 mgl'kg for up to six IIIOilthe (Naisbtein and 
Lisovakaya 1 96 5) . Rats , guinea pige , and rabbits survived 
inhalation of 0 . 1 5  ppm (0 . 00 1 7  mql'l) for seven hours per day 
five days per week over a 2 1 6  day interval, but developed 
pathologic changes in the livers and kidneys ('l'reon et al. 
1 955) . 

OWinq to a lack of information, no extrapolation was 
made concerninq the carcinogenic ri sk of human exposure to 
hex. 

so 
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CBAPUR 3 

E1m:RONME1!1'AL C019UDQA'l'J019S 

CRJ:TERZA !'OR ASSESSMEM 

Evaluation of the s ignificance of environmental 
contamination should be baaed upon criteria that allow 
obj ective assessment of the characteristics of a given 
pollutant . such criteria should be developed according to 
known ecological principles and proven environmental 
distribution of the contaminant in question. :It should be 
acknowledged that relatively few natura l syste11111 have been 
described in adequate detail to allow the deve lopment of 
predictive models of impact. 'lhe following i s  a brief 
review of suggested criteria for assessing the environmental 
impact of Kepone. mirex . and hex. 

Field and laboratory studies have established certain 
characteristics of Kepone . mirex. and hex. and have 
indicated that all three compounds can be bioconcentrated 
and biomagnified (U. s.  EPA 1 978) . The compounds tend to 
show considerable environmental persistence (although our 
knowledge of hex remains too iDComplete for a definitive 
finding on this point) . Hex can be highly toxic to various 
organis• • although little is known about ita chronic 
e ffects and environmental cycling (Lu et al. 1 975) . The 
toxicity of Kepone and mirex to various species . together 
with their high level of environmental stability. present a 
potential threat at the system level. Since various areas 
have been contaminated with Kepone and mirex. and both 
compounds have a proven potential for transboundary movement 
and biological activity in various organisms. any assessment 
of impact should include an evaluation at the population and 
community levels . This would include analysis of population 
dynamics of exposed species (Hurlbert et al. 1 9 72) • 
interpopulation response (Mosser et al.  197 2 .  Mosser et al. 
1 97ft)  • potential alteration of energy transfer mechanisms 
(Hurlbert· et al. 1972) . and community reaction in affected 
areas (Livingston et al • •  in press) . 

'Dle complexity of natural systems (e. g. • short- and 
long-term variation . multiple energy transfer pathways . 
exposure to different stressors or forcing functions) . 
together with a relatively incomplete knowledge of the fate 
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of persistent organochlorine compounds in the environment . 
have led to a poor unde-rstanding of pesticide iapact at the 
system level (Livingston 1 9 77) .  Variation (species­
specific) of toxic effects on exposed populations . secondary 
(chronic) effects due to bioconcentration and 

biomagnification. interruption of predator-prey 
relationships and competitive interactions . changes in 
processes of selection . and eventual alteration of genomea 
of individual populations as a result of direct or indirect 
alterations of the physicochemical habitat through time are 
all involved in the potential for environmental impact . 
Because of the possibility of changes in pathways of energy 
flow via differential impact on seta of interacting 
populations . a system can be considerably altered without 
the change being detected by current methods of 
environmental analysis .  Lacking a comprehens ive knowledge 
of a particular system over sufficiently long periods of 
time • such questions are rarely addressed and a vast 
majority of resulting •predictive• models become mere 
speculation. Many aquatic syste• are characterized by a 
highly complex series of homeostatic mechanisms that 
continuously reflect time-labi le combinations of natural 
f orcing functions and atressors. Often . a given set of 
conditions will result in a reduction of species richness 
and/or associated changes in species composition. and this 
change is transmitted to trophic interactions ; consequently. 
a loss of biological information at any given level can 
becoue critical . This can lead to disruption of the system 
and loss of useful productivity. Variable sensitivity from 
one ecosystem to the next complicates the process of 
evaluation. Wben toxic agents which are environmentally 
pers istent have the potential for adverse effects at various 
levels of biological organization. it becomes difficult to 
determine •threshold• levels (often derived from 
extrapolation of acute and toxic bioassay) of impact in 
quantitative terms. It follows that coapounda such as 
Jtepone • mirex • and hex should be evaluated according to the 
above cr iteria if environmental impact is to be assessed. 

ACU'l'E AND CHRONIC EFFECTS 

�rrestrial Organisms 

Kepone 

!be lack of comprehensive information concerning the 
toxicology of Kepone precludes serious generalization. 
various subacute effects . including a spectrum of 
neurological and reproductive disorders . have been noted in 
experiments with birds (U. s. EPA 1 978) . Chronic effects of 
Kepone on mammals are also evident and include various 
(multiple) levels of activity. Tbere are indications that 

both KepoD& and mirex cause complete inhibition of LDB at 
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concentrations of 1 0  ppm (in vitro determinat ions , 
Hendrickson and Bowden 1 975) . Other effects of Repone on 
enzyme systems that have been documented at levels 
cCXDparable to actual bioaccumulation in the f ield imply 
potential adverse impact of Bepone on energy production and 
muscle function (U. s .  EPA 1 9 78) . Lipophilic chemicals such 
as Kepone and mirex may interfere with various cellular 
processes including functions of DNA and tbe endoplasmic 
reticulum. Chronic tests with mammals at Kepone levels 
ranging from 5 to 80 ppm have resulted in various e ffects 
including tremors , we ight depres s ion, and chronic 
reproductive incapacity (U. s. EPA 1 97 8 ) . overall , Kepone 
appears from the available literature to be capable of 
caus ing adverse chronic effects in various terrestrial 
organisms at re lative ly low level s  of exposure . There is a 
need for analysis of effects on terrestrial assemblages 
exposed to Kepone at indeterminate though presumably 
continuous levels (i . e . , Puerto Rico) . 

Mirex 

Mirex residues in terrestrial assemblages appear to be 
dependent on trophic re lationships (COllins et al . 1 9 7 4 ) . 
Organisms such a s  crickets , oil- loving ants , and ground 
beetle s are directly affected , and predaceous arthropods 
such as spide rs retain re latively high mirex residues (U. S .  
EPA 1 978) . Based on mortality (mirex is cons idered 
moderate ly toxic ) , this organochlorine does not appear to be 
a threat to many nontarget species at actual application 
rate s ,  4 . 2 g/ha ( 1 . 7  g/acre) , although elimination of 
s usceptible populations found in some work at the population 
and, community levels (Reagan et al. 1 9 7 2 )  indicates 
potential indirect or chronic effects (as discussed below) • 
Less is known about the accuDU lation of mirex in 
vertebrates , although tbere are indications that it is not 
concentrated by amphibians and reptiles as readily as by 
birds and IDilmmals (U. s.  EPA 1 978) • Birds are not extremely 
sensitive to acute toxic effects of mirex ; however , the 
relatively high levels of residues in wild birds in treated 
areas and the lack of data about the possibility of 
reproductive effects of this pes ticide on natural 
populations remains a potentia l problem for continued 
broadcast use of mirex in the program for control of the 
imported fire ant . This is related to the proven stability 
and pers istence of this compound in the environment (U. s. 
EPA 1 978) . While acute mirex toxicity to mammals is 
relative ly low , chronic exposure produces a vide range of 
e ffects ; the chronicity factor (Hayes 1 967) is one of tbe 
highest observed for any pesticide , largely because of the 
highly cumulative nature of mirex in biological systems and 
the fact that it is metaboli zed or excreted at extremely 
s low rates (U. s.  EPA 1 978) . The pervasiveness of chronic 
phys iologica l and biochemical disorders induced by mirex in 
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experiments with various vertebrate species , together with 
its capacity for bioaccwaulation , would tend to bring into 
question the widespread (broadcast) use of this pesticide . 
'l'be accumulation of mirex in humans near areas of fire ant 
control (Suta 1 977) substantiates the need for further work 
on chronic effects of mirex on various vertebrate species . 

Bexachlorocyclopentadiene 

ibere are too few data about the impact of hex on 
terrestrial organisms to draw any conclusions . In addition 
to its germicidal and funqicical properties (Cole 1 9 5 4 ) , hex 
i s  a herbicide (smal l grasses and weeds) . Mbi le the 
environmental fate of hex in ter restrial systems appears 
simi lar to that of certain other organochlorines (LU et al. 
1 975) , specific effects remain unclea r .  Since hex can enter 
the terrestrial environment as a dust or volatile gas (thus 
affecting organisms by cutaneous contact , through 
respiration , and/or drinking) , the potential for entry into 
biologica l systems is high (U. s. EPA 1 978) . However , it 
remains difficult to assess acute or chronic impact of this 
compound at the system leve l ,  although the potential for 
environmental pers istence and toxic effects remains high. 

Aquatic Organisms 

Kepone 

Kepone causes adverse effects on algal growth at low 
concentrations with 24-hour EC s 0 s  of four species of marine 
unicellular algae ranging from 0 . 35 to 1 . 0  ppm (�lab et al. 
1 977) . In addition to being highly toxic to various aquatic 
invertebrates , ":Kepone causes chronic effects such as reduced 
shel l  growth , loss of equi librium, and impaired reproductive 
capability (U. s. EPA 1 978) . Bioconcentration , probably 
through feeding or exposure to contaminated sediments , can 
be high under natural conditions (e. g. , average 
concentrations of 0 . 3 to 3 . 0 ppm in blue crabs , 0 . 0 4  to 2. 0 
ppa in finf ishes ( suta 1 977 ]) • Chronic tests indicate a 
life-cycle ( 1 9  day) LC s o  of 1 . 4 pg/1 in mysids with · Kepone­
induced growth inhibition in mysids at 0 . 07 pg/1 (Hansen et 
al. 1 9 77b) . Again, species-speci fic variability of chronic 
impact has been demonstrated although the available 
information indicates that :Kepone is biologically active 
and, in many cases , causes a range of adverse chronic 
e ffects in disparate invertebrate species at low levels of 
exposure . Experiments with fishes indicate that although 
Kepone has low acute toxicity to some estuarine species , to 
others it can be highly toxic at relatively low exposure 
concentrations (low ppb) (U. s .  EPA 1 9 7 8 ) . �re are 
indications that the long-term effects of Kepone on juvenile 
f ishes can be extensive at concentrations of less than 1 ppb 
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(U. s. E� 1978). Mechanisms of physiological effects remain 
poorly understood although ATPase inhibition has been 
established (U. S. EPA 1 978). 

�ere have been a number of recent contributions to t he  
Kepone literature. Halsh e t  al. (1977) found that various 
unicellular marine algae are capable of concen trating Kepone 
from water. Although such organisms probably are not killed 
at the concentratians observed in the field , they could 
serve as agents of transfer and accumulation at higher 
trophic levels. Schimmel and Wilson ( 1977) found that 
Kepone vas acutely toxic to shrimp and fishes but not to 
crabs , with bioconcentration occurring in all organisms 
tested. Hansen e t  al. ( 1977a) found that acute tests 
greatly underestimated the hazard of Repone to fish and that 
concentrations as low as 0. 08 pq/1 affected certain 
processes such as g�. Life-history studies showed that 
there vas abnormal development of embry os taken from adult 
f ish exposed to 1.9 pq/1. In such studies , concentration 
factors up to 20 , 000 times exposure concentrations were 
demonstrated. Couch et al. (1977) found that Repone can 
induce scoliosis in fish as part of a poisoning syndrome 
involving histological alteration. There were indications 
that the nervous system is a primary target for this 
pesticide. severity of effect appears to depend on duration 
of exposure. Various studie s  indicate that chronic toxicity 
and the bioconcentration potential of Kepone are factors 
that will have to be taken into consideration in any 
assessment of impact due to environmental contamination. At 
present Kepone concentrations of chronic (laboratory) effect 
are well within known levels of Jepone found in runoff from 
banana fields in Puerto Rico , or residue concentrations in 
t he  Ja•s River system. However , system le va 1 impact 
remains undetermined due to a lack of background 
information. 

Mirex 

The b iological signif icance of mirex is related to its 
chem ical characteri stics. Modes of transfer into living 
systems (described above) are important to an understanding 
of the impact of this insecticide on aquatic organisms. 
Mirex reduces productivity of green algae ; various species 
of phytoplaakton can concentrate the pesticide and thus may 
serve as passive agents of transfer to consumer organisms 
(U. s .  EPA 1978). Although few adverse effects on algal 

species have been demonstrated , this area of research needs 
f urther analysis especially with respect to the ecological 
implications of some recent findings. Mirex does not appear 
to have pronounced acute effects on f ishe s in a range of 
concentrations found in treated areas. However ,  dose­
dependent secondary effects such as bacterial infection 
(goldf ish) , and growth inhibition (bl uegills , catfish) ,  

5 5  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

K e p o n e / M i r e x / H e x a c h l o r o c y c l o p e n t a d i e n e :   A n  E n v i r o n m e n t a l  A s s e s s m e n t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 9 8 3

http://www.nap.edu/catalog.php?record_id=19983


appear to be related to mirex accwaulation (U . s . EPA 1 978) . 
Life-history studies and results concerning synergistic 
interactions (Koenig 1 97 7 )  indicate that further work along 
this line would be instructive. 

Various forma of freshwater and e stuarine arthropoda are 
extremely sensitive to mirex, with high mortality at 
concentrations as low as 0. 1 ppb (U. s .  EPA 1 9 7 8 ) . Juvenile 
forma are often moat susceptible and larval stages of some 
species show adverse sublethal reactions at concentrations 
as low as 0 . 0 1  ppb. I rritability and mortality have often 
occurred after exposure ; this is the so-called delayed 
effect which is a distinctive characteristic of mirex in a 
variety of aquatic species . Although certain factors (age, 
size ,  specie s ,  physicochemical factors , etc . )  influence the 
form and degree of response (inc lud ing irritab i l ity , los s  of 
equilibrium• paralysis , and. death) , mirex evidently is an 
effective biocide for various forms of aquatic invertetrates 
(U. s .  EPA 1 978) . This should be an important consideration 
in any evaluation of the · environmental impact of airex. 
once again, however ,  the envirOIUIIental signif icance of mirex 
in aquatic systems remaips undetermined , although the 
potential for adverse effects at the population and 
community levels remains high. 

Bexachlorocyclopentadiene 

Tbere is little information concerning the effects of 
hex on aquatic organisms . Bioasaays indicate that levels 
approximating 1 ppm are acute ly toxic to fish although 
little is known of chronic effects. The usua l  species­
spec ific variability in acute toxic ity is evident although 
moat of the fish LCs0s range in the low ppm (U. S. EPA 1 978) . 
Although the potential of hex for perAistence and 
bioconcentration in aquatic systems appears good (based on 
its general chemical characteristics) ,  the lack of 
documentation concerning acute a nd chronic toxicity 
precludes a de finitive statement regarding environmental 
implications . The relatively uneven toxicity data , with no 
real attention to aquatic plants and invertebE � �ea , indicate 
that hex can be hJghly toxic (a 1 9 56 u. s.  Department of 
Health, Education, and Welfare report t>uggests •safe• 
concentrations of 5 to 10 ppb) .  There is a clear need for 
more information concerning the effects of hex on aquatic 
organisms. �is is especially true when the past history of 
the organochlorine pesticides is taken into consideration. 

ECOIDGICAL IMPLICATIONS 

An important consideration in any impact determination 
involves the range of ecological changes which occur as 
def ined within the limits of natural spatial and temporal 
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variability . Often, background variation disa llows clear­
cut evaluation of the environmental significance of a given 
pollutant . While it is true that chronic effects at the 
population and coiiiiiiWlity leve ls may be more profound tban 
the more readily apparent acute effects (usual ly denoted by 
mortality) • extrapolation of experimental data to field 
s ituations can be mis leading. There are complications due 
to s ynergism and temporal variation of impact which 
complicate direct delineation of causa l relationships . 
Various ecological approaches for such estimates a�e 
available , including direct environmental sampl ing programs 
(lengthy and costly) , manipulation of simulated art ificial 
laboratory communities ,  the use of indicator species or 
spec ies associat ions , experimental (field) approaches 
including caging , predator e limi nation, etc . , or a 
comb ination of sucb techniques . such studies are needed to 
address the criteria listed at tbe beginning of this 
chapter . 

Any evaluation of pesticide use should address several 
primary functions : envir�nta l persistence ; potential for 
bioaccumulation and biomaqnification; · .  known levels and 
distribution of residues ; and experimentally established 
effects (acute and chronic) for a range of representative 
species .  The variability of species susceptibi lity, a basic 
lack of information concerning pesticide fate , and multiple 
factor interaction all tend to complicate specific 
interpretations of impact . The broadcast use of 
conservative pollutants can lead to the development of 
resistant species in addition to potential adverse effects 
on susceptible or endangered species.  

There are indications that the use of mirex can cause 
changes at the community level. Although most of tbe 
studie s associated with the wide spread use of mirex bave 
offered largely anecdotal and qualitative evidence 
concerning population and community reactions . However, the 
u. s.  Department of Agr iculture bas determined that routine 
applications of mirex can kill various nontarget species 
including oi l-loving ants , spiders , beetles , and crickets 
(unpublished USDA repOrt 1 97 6 ) . According to S . D. Bensley 
(U. s .  Department of Agriculture and Louisiana State 
Univers ity , personal communication 1977) , appl ication of 
mirex or heptachlor for e liminat ion of fire ants has 
resulted in non�arget pest population resurgence and/or 
escalation of minor pests to major pest status in several 
Louisiana agroecosystems . Reagan et al . ( 1 97 2 )  documented 
increased infestation of the sugarcane borer (Diatraer 
saccharalis ) due to mirex-induced reductions of various 
arthropod predators which normal ly feed on sucb pests .  
Recent studies show that upta ke and accumulation o f  mirex 
can cause reductions in seed germination, seedling 
emergence , and growth in several plant species (Rajanna and 
de la Cruz 1 975) . This would indicate more pervas ive 
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effects than toxicity studies or residue surveys would show, 
although the data remain thin. There is even leas 
information concerning potential effects on natural aquatic 
systems . Lowe et al.  ( 1 9 7 1 )  point out , however , that usa 
mortality of estuarine organisms is unlikely due to the 
(delayed) mechanism of mirex effect . Evidently • the 

ecologica l  implications of the widespread use of mirex 
remain relatively unknown although there are indications 
that effects on nontarget organisms could cause systemic 
changes not elucidated by previous studies . 

The above should be viewed within the context of the 
overall impact of the .iul»orted fire ant . This includes its 
status as an agricultural pest and as a factor in human 
health problems . Since the ecologica l role of the fire ant 
represents a mixture of advantageous and detrimental 
functions with total eradication a remote poasikility , 
widespread control through broadcast use of mirex remains 
tenuous . From an environmenta l point of view , such use of 
this pesticide remains dangerous and unpredictable . The 
need for control should thus stimulate a continued search 
for viable a lternatives which do not aggravate the very 
problems that are to be corrected. As yet , this bas not 
been subjected to a scientif ic perspective of total 
environmental impact but the proven stability and toxicity 
of this compound would aecesa itate such an approach if 
responsible action is to be taken. 

When analyzed according to the above criteria , there are 
simply too few data for cogent generalizations concerning 
the environmenta l impact of Kepone , mirex , and hex. In 
relative terms , there is a growing though incomplete 
lite rature concerning Kepone ; there is a substantial body of 
knowledge of the acute and chronic effects and residue 
distribution of mirex ; and little is known with regard to 
the environmenta l significance of hex. 
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Goverpment and :Interpational oraanilatione 

*Agriculture Canada 
Alabama Department of Agriculture and :Induetriee 
Arkaneas Department of Agriculture 
Arkansae Plant Board 
*Canada Department of Pieheries and the EnviroDIII8nt 
Consumer Product safety Commission 
Council on Environmental QUality 
Florida Department of Agriculture and Consumer servicee 
Food and Agricultural organization, United Nations 
Fort Bend county ('Texae) Fire Ant Co.llittee 
Georqia Department of Agriculture 
Great Lakes Commiesion 
Hawaii Department of Agriculture 
Louisiana Department of Agriculture 
*Michigan Department of Natural Resources 
Mississippi Department of Agriculture and Commerce 
•National cancer :Institute 
*National Institute of Environmental Health sciencee 
National Institute of occupational safety and Health 
National Institutes of Health 
*New York Department of Health 
North Carol ina Department of Agriculture 
North Carolina Department of Natural and Economic 

'Resources 
NOrth carolina Pesticides Board 
OCCupational safety and Health Administration 
Organization tor EcoDOIIIic Cooperation and Development 
*Organization of American states 
Pan American Health Organization 
Patuxent Wildlife Research Center 
SOuth Carolina Department of Agriculture 
Texas Department of Agriculture 
•u. s .  Department of Agriculture 
u. s. Department of commerce 
•u. s. Department of Health , Education , and welfare 
u. s .  Department of Interior 
•u. s. Environmental Protection Agency 
•u. s. Fish and Wildlife service 
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EQYironmental Pgblic Interest Qrq•pizatiopa 
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Entomologica l society of America 
Pederation of Amercian sc ientists 
*Hawaii Pineapple Growers As sociation 
Manufacturers Chemists Association 
National Agricultural Chemicals ASsociation 
National Association of Manufacturers 
National Association of state Departments of Agriculture 
Nationa l Environmental Health Association 
National Peat Control Association 
National Research Council .  canada 
Nationa l SCience Foundation 
Resources for the Future 
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SOCiety of Occupational and Environmental Health 
SOCiety of Toxicology 
SOil SCience SOCiety of America 
Sport Pishing Institute 
Synthetic Organic Chemicals Manufacturers Association 
�xaa Farm Bureau 
'Dle Ecosystem Center, WOOds BOle, Mass . 
The Institute of Ecology 
Mater Pollution Control Federation 

eonsu1tapttindU§trv orqapizatiQQS 

*Allied Chemical Corporation 
Arthur D. Little , Inc. 
•Battelle Columbus Laboratories 
*C. F. Spiess and sohn, Federal Republic of Germany 
Dow Chemical Company 
•Equitable Environmental Health , Inc. 
*Rooker Chemicals and Plastics Corporation 
Litton Bionetics , Inc. 
McGuire . WOOds . and Battle 
Midland-Ross Corporation 
Midwest Research Institute 
Shell Chemical Company, Bolland 
•stanford Research Institute 
United Fruit Company 
•ve lsicol Chemical COrporation 
zoecon Corporation 

In<Uvid!!als 

Earl G. Alley 
Claus Agthe 
:Karl Baetcke 
William A. Banks 
John w. Beardsley. Jr .  
•Jack Blanchard 
Norman E. Blomberg 
Cazlyn G. Bookhout 
Joe A. BoWden 
samuel M. Branco 
Ralph E. Brown 
J. w. Butcher 
Gerald A. Carlson 
Neil Chernof f 
•x. Christiansen 
Roy P. Clark 
Nelson R. Cooley 
•D. A. crossley, Jr. 
*Delamare Deboutteville 
Justin Dillier 
Marden Dixon 
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•Alexander M. Dollar 
*K. B.  Domsch 
Gus R. Douglas 
•Thomas w. Duke 
Donald Eichler 
Daniel R. Embody 
Joseph B. Ford 
*Richard Frank 
John B. Gart 
B. Michael Glancey 
'l'.R. G. Gray 
Adrian Gross 
Alva Barris 
•s. D. Bensley 
•Ernest Hodgson 
�rry A. Bolister 
William '!'. Holloway 
John w. HUrdis 
•G. Iagnov 
David Ivie 
Jero• A. Jackson 
*Rudolph J. Jaeger 
Frank K. James 
Jerry M. Johnson 
Balwin L. Jones 
Kinqsly Kay 
J.-s Y. Kim 
*Renate D. Kimbrough 
Edwin v. Komarek 
Paul Jtotin 
Bob Jtr ieger 
F . W. Kutz 
*John L. Laseter 
•E. Paul Lichtenstein 
Jeffrey L. Lincer 
•cbarl�s G. Lincoln 
*J. L. Lockwood 
Clifford s. Lofgren 
J . I .  Lowe 
Nathan Mantel 
George P. Markin 
William B. Matheny 
•a. M. Mehendale 
*G Kinderman 
•M. M. Mortland 
•Donald Mount 
Sheldon Murphy 
•Paul o. Nees 
Leo D. Newsome 
David Nobriga 
watson '1'. Okubo 
Frederick w. Plapp . Jr .  
Bart J. Puma 
Melvin D. Reuber 
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Kanjyo Sakimura 
Hope sandifer 
Louis B. senn 
•william F. spencer 
William w. Stearns 
Jean stellman 
Martin E. Tagatz 
Rayford o. 'l'bompson 
•James Tiedje 
•Ernest L. Timlin, Jr . 
Walter R. Tschinkel 
Marion ueltschey 
J. van der Drift 
s. Bradley Vinson 
•Joe L. White 
Robert A. Wi lliamson 
Alfred J. Wilson, Jr. 
George Woehr 

• Parties tbat responded to Panel ' s  request for public 
input ; copies of written replies are on file for inspection 
at the Environmental studies Board. Commission on Natural 
Resources • Nat ional Academy of sciences . 
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