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DISCLAIMER

This report has been reviewed by the Environmental Criteria and
Assessment Office, U.S. Environmental Protection Agency, and approved
for publication. Mention of trade names or commercial products does not

constitute endorsement or,recommendation'for use.

AVAILABILITY NOTICE
This document is available to the public through the National

Technical Information Service, (NTIS), Springfield, Virginia 22161.
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FOREWORD

Section 304 (a)(1l) of the Clean Water Act of 1977 (P.L. 95-217),
requires the Administrator of the Environmental Protection Agency to
publish criteria for water quality accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare which may be expected from the presence of
pollutants in any body of water, including ground water. Proposed water

uality criteria for the 65 toxic pollutants listed under section 307
?a)(l) of the Clean Water Act were developed and a notice of their
availability was published for public comment on March 15, 1979 (44 FR
" 15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628).
This document is a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document is also
published in satisifaction of paragraph 11 of the Settlement Agreement

2n Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120
(p.D.C. 1976), moditied, i ERC 1833 tU.U.C. 1379). .

The term “"water quality criteria® is used in two sections of the
Clean Water Act, section 304 (a)(1l) and section 303 (c)(2). The term has
a different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological ef-
fects. The criteria presented in this publication are such scientific
assessments. Such water quality criteria associated with specific
stream uses when adopted as State water quality standards under section
303 become enforceable maximum acceptable levels of a pollutant in
ambient waters. The water quality criteria adopted in the State water
quality standards could have the same numerical limits as the criteria
developed under section 304. However, in many situations States may want
to adjust water quality criteria developed under section 304 to reflect
local environmental conditions and human exposure patterns before
incorporation into water quality standards. It is not until their
adoption as part of the State water quality standards that the criteria
become regulatory.

Guidelines to assist the States in the modification of criteria
presented in this document, in the development of water quality
standards, and in other water-related programs of this Agency, are being
developed by EPA.

STEVEN SCHATZOW
Deputy Assistant Administrator
Office of Water Regulations and Standards
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CRITERIA DOCUMENT

ALDRIN-DIELDRIN
CRITERIA <
‘Aguatic Life
Dieldrin

Por. dieldrin the criterion to protect E:esh;ater aquatic life
as derived using the Guidelines is 0.6019 ug/1l as a 24-hour aver-
age, and the concentration sﬁould not exceed ;zg hg/l at any time.

For dieldrin the criterion éo protect saltwater agquatic life
as derived using the Guidelines is 0.0019 ug/l as a 24-hour aver-
age, and the concentration-should not exceed 0.71 ug/l at any time.
Aldrin '

Por freshwater aquatic life the concentration of aldrin should
not exceed g?% Hg/l at any time. No data are available concerning
the chronic toxicity of aldrin to sensitive freshwater aquatic
life.

For saltwater aquatic life the concentration of aldtih should
not exceed 1.3 ng/l at any time. No data are available concerning

the chronic toxicity of aldrin to sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects due to exposure of aldrin through ingestion of
contaminated vater and contaminated aquatic organisms, the ambient
vater concentration should be =zero based on the non-threshold
assumption for this chemical. However, zero level may not be

attainable at the present time. Therefore, the levels which may

vi



:esuit in incremental increase of cancer risk over the lifetime are
estimat;d at 10>, 1076 and 10°7. The corresponding recommended
criteria are 0.74 ng/l, 0.074 ng/l, and 0.0074 ng/l, respectively.
1f the above estimates are made for consumptioh of aquatic organ-

isms only, excluding conéumption of wvater, the levels are 0.79

"ng/l, 0.079 ng/1l, and 0.0079 ng/l, respectively.

For the maximum protection of human health fzdh the potential

carcinogenic effects due to exposure of dieldrin through idgestion

‘ of contaminated water and contaminated aquatic organisms, the

ambient water concentration should be zero based on the non-

threshold assumption for this chemical. However, zefo level may

" not be attainable at the present time. Therefore, the levels which

I

* may :ésult in incremental increase of cancer risk over the lifetime

are estimated at 1073, 10”5 and 10°7. The corresponding recom-

mended criteria are 0.71 ng/l, 0.071 ng/l, and 0.0071 ng/l, respec-

tively. If the above estimates are made for consumption of aquatic

d organisms only, excluding consumption of water, the levels are 0.76

ng/l, 0.076 ng/l, 0.076 ng/l, and 0.0076 ng/l, respectively,
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INTRODUCTION
Aldrin and dieldrin have been two of the most widely used
domestic pesticides. They are chlorinated hydrocarbon compounds.

Althoqgh“ildzin is used in greater quantity than dieldrin, aldrin

- quickly transforms into dieldrin in the environment. Hence, there

s

is concern with both compdunda. The primary use of the chemicals
in the past was for control of corn pests, although they were also
used by the citrus industry. Uses are restricted to those where
there is no effluent discharge.

Aldrin use in the United States peaked at 19 million pounds in
1966 but dropped to about 10.5 million pounds in 1970. During that

" same period dieldrin use decreased from 1 million pounds to about

o

RO

670,000 pounds. The decreased use has bheen attributed ptimétily to
increa?ed insect resistance to the two chemicals and to dévelopment
and availability cof substitute materials.

Aldrin and dieldrin have been the subject of litigation bear-
ing upon the contention that these substances cause severe aquatic
environmental change and are potential carcinogens. 1In 1970, the
U.S. Department of Agticulﬁute cancelled all registraﬁions of these
pesticides based upon a concern to limit dispersal in or on aquatic
areas. In 1972, under the ﬁuthozity of the Fungicide, Insecticide,
Rodenticide Act as amended by the Federal Pesticide Control Act of

1972, USCS Section 135, et. sec., an EPA order lifted cancellation

.0f all registered aldrin and dieldrin for use in deep ground insef- '

tions for termite control, nursery clipping of roots and tops of
non-food plants, and mothproofing of woolen teitiles and carpets

where 2there is no effluent discharge. In 1974, cancellation
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proceedings disclosed the severe ha;a:d to human health and suspen-
sion of registration of aldrin and dieldrin use vas ordered; pro-
duction was restricted for all pesticide products containing aidzin
or diildtin. However, formulated products containing aldrin and
dieldrin are. imported from Europe each year solely for subsurface
soil injection for termite control. Therefore, limits that protect
all receiving water uses must be placed on aldrin and dieldrin.
The litigation has produced the evidentiary basis for the Adminis-
trator's conclusions that aldrin/dieldrin are carcinogenic in mice
and rats, approved the Agency's extrapolation tb humans of data
derived from tests on animals, and affirmed the conclusions that
aldrin and dieldrin pose a substantial risk of cancer to humans,
wvhich constitutes an "imminent hazard®™ to man.

Aldrin and dieldrin are wvhite crystalline substances with
aldrin melting at 104°C and dieldrin melting between 176 to 177°C.
Both are soluble in organic solvents with dieldrin the least_solu-
ble of the two. The chemical name for aldrin is 1, 2, 3, 4, 10, 10-
hexachloro-1, 4, 4a, 5, 8, B8a-hexahydro-l, 4: 5, 8-exo-dimethano-
naphathalene. The chemical name for dieldrin is 1, 2, 3, 4, 10, 10~
hexachloro-6, f-epoxy-l, 4, 4a, 5, 6, 7, 8, 8a-octahydro-endo, exo-~
1, 4: 5, 8-éimethaﬂonaphthalene.

Aldrin is metabolically converted to §ieldzin. This epoxida-
tion has been shown to occur in several speéies including mammals
and poultry, houseflies, locusts, soil microorganisms, a large

number of Lepidoptera species, freshwater fish (Gakstatter, 1968),

and a number of freshwater invertebrates including protozoa, co-

elenterates, wvorms, arthropods, molluscs, and lobsters. The aldrin

-
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molecule is biologically altered in the environment to a more sta-
ble and at least equally toxic form, dieldrin. Dieldrin is known
to be metabolically degraded as shown by Matsumura and-Boush (1967)

<

and Patil, et al. (1972);: however, its pe:sistéﬁge in the environ-

ment is due to its extremely low volatility (i.e., a vapor pressure

of 1.78 x 10'7 mm mercury at. 20°C) and 1low solubility in wvater (186

. ug/l at 25 to 29°C) (Int. Agency Res. Cancer, 1974). 1In addition,

dieldrin is extremely apolar, resulting in a high affinity for fat
which accounts fo; its retention in animal fats, plant vaxes, and
other such organic matter in the enviromment. The fat solubility
of dieldrin results in thé progressive accumulation in the food

chain which may result in a concentration in an organism which

- would exceed the lethal limit for a consumer.

Many organisms not in direct contact with contaminated water

and sediment accumulate aldrin/dield7in from the food supply. This

bioclogical concentration results in tissue concentrations many
times those found in the surrounding environment (Sanborn and Yu,
1973). Concentrations ;ncrease in the food chain reaching the
carnivores at the top including man.

Dieldrin is probably the most stable insecticide among the
cyclodienes (i.e;, isodrin-endrin; heptaclor-heptachlor epoxide).
The time required for 95 percent of the dieldrin to disappear from
soil has been gstimated to vary from S to 25 years depending upon
the microbial flora of the soil (Edwards, 1966). Dieldrin applied.
at 100 ppm has been shown to persist in soil for more than six years
(Westlake and San Antonio, 1960), while at 25 ppm in a different

soil type, a 50 percent loss was found at seven years (Nash and



Woolson, 1967). When applied to sandy soil at a rate of 100 ppm,
residues could be found 15 years later. Matsuﬁura and Boush (1967)

found that of 577 bacterial isolates collected from areas heavily

contaminated with dieldzin, 10 isolates would alter dieldrin to two

to nine unidentified metabolites. The microbes vere members of

Pnoudom&nas, Bacillps. and Trichoderma genera. Subsequent micro-

' biological studies by Wedemeyer (1968) revealed that Aerobacter
aerogenes also will alter dieldrin similarly to 6,7- trans-dihydro--

xydihydroaldrin. Chacko, et al. (1966) tested this capability of

17 species of fungi and-actinomycetes. Though most degraded penta-

chloronitrobenzene (PCNE) or DDT or both, none degraded dieldrin.
Patil, et al. (1972), studied the metabolic transformations of

aldrin/dieldrin by marine algae, surface film, sediments, and wa-

ter. They found that the insecticide was not degraded or metabo-.

lized in séa vater or polluted waters. Some marine algal popula-
tions were shown to degrade aldrin to dieldrin. |
Alterations of dieldrin by bacterial systems result in the
formation of at least one acidic product (Matsumura and Boush,
1967). Once in the fatty tissue of organisms, dieldrin remains
stable, according to Sanborn and Yu (1973). However, dieldrin can
be mobilized from fatty tissue as demonstrated'by Brockway (1973);
for example, when fish are placed in an enviromment without diel-
drin, there is an elimination from the tissue (Brockway, 1973).
The elimination rate depends upon the diet with fasted fish elim-
inating dieldrin more rapidly than fed fish because of the utiliza-

tion of fat stores (Grzenda, et al. 1972).

™



The dieldrin eliminated from the tissues reenters the water
and thus becomes available for bioconcentration by other organisms.
The movement of dieldrin among organisms, water, and sediment is

dynamic, with equilibrium attained when the chemical 'concenttation

is constant.
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Aquatic Life Toxicology*

INTRODUCTION

Aldrin and dieldrin are members of a group of synthetic cyclic hydrocar-
bons called cyclodienes. The group includes other insecticides such as
chlordane, heptachlor, endosulfan, and endrin. Until recently, a]drin and
dieldrin were the most widely used domestic pesticides, with aldrin béing
applied in much greater- guantities than dieldrin. Aldrin was applied to
soils and foliage using soil injection or aerial technigues. Since leaching
by water was minimal, soil erosion and sediment transport were the two‘major
routes for aldrin to enter aguatic environments. However, these pesticides
are often considered together because aldrin is rapidly converted to diel-
drig by metabolism by animals and pfants or by photodecomposition. This
conversion is accomplished through the addition of an epoxide group to the
aldrin molecule.

Since aldrin is rapidly converted to dieldrin and since adequate data
are not available for the species reaquired by the methodology, no criterion -
has been developed for aldrin. The following discussion is based on diel-
drin data only except where specifically noted otherwise.

EFFECTS

Acute Toxicity

Results of 14 freshwater acute toxicity tests on dieldrin and inverte-
brate species are presented in Table 1. A1l of these tests were conducted

under static conditions, and concentrations were not measured. The results

*The reader is referred to the Guidelines for Deriving Water Quality Crite-
ria for the Protection of Aauatic Life and Its Uses in order to understand
this section better. The attached tables contain pertinent available data,
and at the bottoms of the appropriate tables are calculations deriving vari-
ous measures of toxicity as described in the Guidelines. ,



ranged from a 96-hour LC50 value of 5.0 ug/1 for the isopod Asellus brevi-
caudus to 740 ug/1 for a crayfish (Sanders, 1972). This fange of about 150
times demonstrates definite differences in species sensitivity to this
compound. | |

Results of 12 acute toxicity tests with freshwater invertebrate species
and aldrin are also presented in Table 1. Each Fest was conducted so that:
data could be compared with data obtained from comparable tests with diel-
drin. Aldrin 96-hour LCgy values range from 8 ug/1 for an isopod (San-

ders, 1972) to 38,500 pug/1 for the scud, Gdmmarus lacustris (Gaufin, et al.

1965). Generally, the LCgg vafues for aldrin are higher than those for
dieldrin, except for cladoceran species which are more sensitive to aldrin.

Sixty-five acute toxicity tests on dieldrin and freshwater fish species
are reported in Table 1. The tests were conducted with eight species of
fishes including both coldwater and warmwater fishes. All of the tests were
static, and none included measufed concentrations. A

The most sensitive fish species tested was the rdinbow trout with
96-hour LCgy values between 1.1 and 9.9 ug/l. The other'salmonids, coho
and chinook salmon, had 96-hour LCgq va1ﬁes of 10.8 and 6.1 ug/1, respec-
tively. The most resistant fish species was the goldfish with a 96-hour
LCSO value of 41 wug/1. 1In the middle of the range, between the salmonids
and the goldfish, were fathead minnows (range 16 to 36 ug/1) and the blue-
gi1l (range 8 to 32 ug/1). Special attention should be given to the data on
the guppy in the report by Chadwick and Kiigemagi (1968) concerning the de-
velopment of a toxicant delivery system. To determine the efficiency of the
system, toxicity tests with the guppy were conducted over an extended time
period, and the data are included in Table 1. Thirty-eight of the six-

ty-five test results are from this study; they range from 2.3 to 10 ug/l.
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Twenty tests were conducted on aldrin with 12 freshwater fish specieé.
The range of the 96-hour LC.o values (2.2.to 45.9 wg/1) is similar to the
range (1.1 to 41 ug/l) obtained for dieldrin. Comparison.of results from
'testéAon both aldrin and dieldrin with the same fish species by the same
author shows that the toxicities of these two chemicals to a given fish spe-
cies are generally very similar (Henderson, et a1..1959; Katz, 1961; Macek,
ét.aI. 1969).

Acute toxicity tests with aldrin and dieldrin have established that
these compounds are toxic to freshwater aquatic life at low concentrations.
Baﬁed on species mean acute values summarized in Table 3, the Freshwater
Final Acute Value for dieldrin, derived from the species mean acute values
usi;g'the procedure described in the Guidelines, is 2.5 ug/l. Similarly, the
Freshwater Final Acute Value for aldrin is 3.0 ug/l.

Saltwater invertebrate species are acutely sensitive to both Aldrin and
dieldrin, but there are greater differences in reported Lcso values for
these species than for saltwater fish species (Table 1). Saltwater inverte- '
brate acute values ranged from 0.37 to 33.0 ug/1 for aldrin and from 0.28 to
50 ug/1 for dieldrin (Tables 1 and 6). The most sensitive species to aldrin
in a 96-hour test (Table 1) was Korean shrimp with LCgq values of 0.74 and
3.0 ug/1 (Schoettger, 1970). The commercially important pink shrimp was the
most sensitive species to dieldrin in a 96-hour test (Table 1) with an
LCgg value of 0.7 ug/1 (Parrish, et al. 1973). Other invertebrate species
were less sensitive to dieldrin, and their acute LCgo values ranged from
3.7 to 50 ug/1 (Table 1)..

A1l species of saltwater fishes tested were sensitive to acute exposures
to aldrin or dieldrin (Table 1). In aldrin exposures, the 96-hour -LC50

values for 11 fish species ranged from 2.03 ug/1 for dwarf perch (Earnest
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and Benville, 1972) to 100 ug/1 for striped mullet (Eisler, 1970b). The
acute LCSO values for 13 fish species exposedcto dieldrin ranged from 0.9
ug/1 for American eel to 34.0 ug/1 for northern puffer (Eisler, 1970b).
Generally, the LCSO values for aldrin are slightly higher than those for
dieldrin in tests where the same species were tested.

Based on speéies mean acute values summarized in Table 3, the Sa]twater
Final Acute Value for dieldrin is 0.71 ug/1 as calculated according to the
procedure described in the Guidelines; that for aldrin is 1.3 ug/l.

Chronic Toxicity

Only one chronic study with a freshwater invertebrate species was

found. Adema (1978) exposed the cladoceran, Daphnia magna, to dieldrin in a

life-cycle test; a chronic value of 57 ug/1 was obtained from his results.
This value was not used in determining final chronic values because no acute
toxicity information for D. magna was available in the literature, aad the
“acute-chronic ratio required by the Guidelines could not be calculated.

Two chronic toxicity tests with freshwater fish species have been con-
ducted with dieldrin. One was an early-life-stage exposure using stee]héad
(rainbow) trout (Chadwick and Shumway, 1969). A chronic value of 0.22 ug/1
was calculated from their data. This was the most sensitive freshwater spe-
cies according to the acute studies (Table 3). Because Chadwick and Shumway
did not provide anm acute value for this species, the species mean acute val-
ue of 2.5 ug/1 is divided by the chronic value of 0.22 ug/1 to give an
acute~chronic ratio of 11 for this species (Table 2). The other chronic ex-

posure was a three-generation study using the quppy (Roelofs, 1971). A
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chronic value of 0.45 ug/l1 was obtained. The geometric mean of 38 96-hour
LC50 values (Table 1) using the same source of test water is 4.1 wug/l
(Chadwick and Kiigemagi, 1969); the acute-chronic ratio is 9.1 (Table 2).

No chronic studies were found for any freshwater invertebrate species,

other than Daphnia magha previously discussed. Based on measured concentra- -

tions however, Jensen and Gaufin (1966) determined a 30-day LC50 value of

2 ug/l for the stonefly, Pteronarcys californica, (Table 6) in flowing

water, their typical habitat. This compares to an acute value of 39 ug/l
(Jensen and Gaufin, 1966) from a static test in which concentrations were
not measured. A lower 30-day LC50 va1qe of 0.2 ug/1 was also obtained for

another stonefly, Acroneuria pacifica (Table 6). These data indicate that

some chronic values for larval insects may be lower than those determined
for fishes, which might be expected because the primary use of dieldrin was
as an insecticide.

| The only chronic data found for saltwater species was a 28-day 1life
cycle study on the mysid shrimp with dieldrin (Table 2). In that study
(U.S. EPA, 1980) the chronic limits were 0.49 and 1.1 ug/l based on cumula-
tive mortality. Effects on reproduction (fecundity) were not observed in
any of the test concentrations. The geometric mean of these two values,
0.73 ug/1, becomes the chronic value for mysid shrimp. Dividing this value
into the acute value for this species of 4.5 ug/1 gives an acute-chronic
ratio of 6.2 (Table 2).

The Final Acute-Chronic Ratio for dieldrin of 8.5 is the geometric mean
of the three acute-chronic ratios (Tables 2 and 3). The Freshwater Final
Acute Value for dieldrin of 2.5 ug/1 divided by the Final Acute-Chronic
Ratio of .8.5 results in the Freshwater Final Chronic Value for dieldrin of

0.29 ug/l. The Saltwater Final Acute Value for dieldrin of 0.71 ug/l

- e



divided by the Final Acute-Chronic Ratio of 8.5 results in the Saltwater
Final Chronic Value for dieldrin of 0.084 ug/1. e
Plant Effects

Four toxicity tests have been conducted on dieldrin with three fresh-

water plant species (Table 4). The alga, Scenedesmus quadricaudata, was the

most sensitive species tested with a 22 percent reduction in biomass after
exposure to 100 ug/l (Stédnyk and Campbell, 19}1). The other species, a
diatom and the water-meal, were affected only at concentrations of 128 times
and 100 times higher than that affecting the alga. Because fish and inver-
tebrate species were affected at concentrations over 100 times lower than
that affecting the alga, the plants should be protected by the ani-
mal-derived criteria.

Information on the sensitivity of saltwater aauatic plants, including
algae and phytoplankton (fab1e 4), indicates, as was true for freshwater
species, that they are much less sensitive than are saltwater fish and in-
vertebrate species. Productivity and growth rates were reduced at concen-
trations of approximately 950 to 1,000 ug/1 in three 4~ to 36-hour static
tests using one algal species and mixed population communities (Batterton,
et al. 1971; Butler, 1963).

Residues

Table 5 contains the results of 11 freshwater residue studies with diel-
drin. No comparable aldrin data were found. The 11 studies include plant,
invertebrate, and fish species. The range of the bioconcentration factors
(BCF) is from 128 for an alga (Reinert, 1972) -to 68,286 for whole body of"
yearling lake trout (Rginert, et al. 1974). A1l of the authors (except
Reinert, et al. 1974) indicate that a steady-state condition was reached in

their studies.



The analysis of the freshwater residue data can be divided ints twa
broad grbups, the p]aht-invertebrate and the fish data. The lower plant-in-
vertebrate B8CF values range from 128 to 5,558. The two values representing
fhe algal and diatom community accumulations are perhaps the most eco1ogi;
cally applicable data in this group. The studies were conducted in open
channels under field conditions, whereas the other algal study was a short-
"~exposure 1aborétory test. The two BCF values for invertebrate species show
" a comparatively low bioaccumulation potential. .

The BCF values for freshwater fish species range from 2,385 to 68,286.
Although all but one of the authors reported that steadyfstate had been
reached in each of their exposures, there seems to be a relationship between
length of exposure and total residue accumulation. For example, guppies ex-
posed for 32 days had a 8CF of 12,708, whereas exposure for 160 to 230 days
resulted in a BCF of 28,408. The same re1a£ionship may explain the high BCF
for the lake trout. The bioconcentration of dieldrin by this species may
become greater since the fish may not have reached steady-state when the
study was terminated. The channel catfish BCF is the lowest. of the values
for fish species (Shannon, 1977a,b). This is probably a result of the ex-~
perimenter analyzing dorsal muscle rather than whole fish (with its higher
lipid content) as was done by the others.

Bioconcentration factors for dieldrin and saltwater species (Tables 5
and 6) range from 400 to 8,000 for fish or shellfish (Lane and Livingston,
1970; Epifanio, 1973; Parrish, et al. 1973; Parrish, 1974; Mason and Rowe,
1976). Bioconcentration factors for oysters were higher for longer exposure'
periods because dieldrin concentrations in tissues reached steady-state con-
ditions after extended periods (several weeks) of exbosure (Parrish, 1974;

Mason and Rowe, 1976). Therefore, long exposures are necessary to attain



steady-state bfoconcentration factors. After 54 weeks of exposure to diel-
drin, sajifin mollies exhibited BCF values of 2,867 to 4,867 in muscle;
valyes for liQer. brain, gill, intestine,~and blood ranged from 10,500 to
50,000 (Lane ahd Livingston, 1970). Spot expésed to ;dieldrin for 35 days
depurated the chemical to non-détectpble body-burdens within 13 days of
holding in dieldrin-free saltwater (Parrish, et al. 1973). Concentrations
in edible tissues were about 15 percent less than'concentrafions in whole
spot; however, concentrations in ‘1iver were 2 to 13 times that in spot
muscle.

Dividing a BCF value by the percent lipid value for the same species
_ provides a BCF value based on one percent lipid content: this resultant BCF
value is referred to as the normalized BCF. The two BCF values for which
percent lipid data are available (1,160 for freshwater'mussel and 2,300 for
spot) (Table 5) were normaiized by dividing the BCF values by their corre-
sponding percent lipid values. The geometric mean of the normalized BCF
values was then calculated to be 1,557. The action level established by the
U.S. Food and Drug Administration (FDA) for dieidrin in fish and shellfish
is 0.3 mg/kg. Dividing the FDA action level of 0.3 mg/ig by the geomefric'
mean of normalized BCF values (1,557) and by a percent 1%pid value of 15 for
freshwater species (see Guidelines) gives a freshwa;er residue value of
0.013 ug/1. Similarly, dividing the FDA action level of 0.3 mg/kg by the
geometric mean of normalized BCF values (1,557) and by a percent lipid value
of 16 for saltwater species (see Guidelines) gives a saltwater residue value
of 0.012 ug/l. The highest BCF value for the edibIe'portion of a consumed
freshwater species is 2,993 for channel catfish (Shannon, 1977a). ODividing
this value into the FDA action level of 0.3 mg/kg gives a freshwater residue

value of 0.10 ug/1. The highest BCF value for the edible portion of a con-

B-8.



sumed saltwater species is the value of 8,000 for Eastern pyster (Parrish,
1974). Divjding thjs into the FDA action level of 0.3 mg/kg gives a salt-
water residue value of 0.038 ug/1.

The U.S. FDA has established an action level of 0.3 mg/kg for dieldrin

in fish oil. Dividing this value by the geometric mean of normalized BCF
| values (1,557) and by a percent lipid value of 100 for fish oil gives a res-
idue value of 0.0019 ug/1 for both freshwater and saltwater.

The 1owest~residue value of those calculated is 0.0d19 ugl1; and this
value is then the Freshwater Final Residue Value and Saltwater Final Residue
vValue (Table 5) ThevFinal Residue Value may be too high pecause, on the
average, the concentration in S0 percent of species similar to those used to
derive the value will exceed the FDA action level.

Miscellaneous

The freshwater data presented in Table 6 do not conflict with data used
_ to calculate the Freshwater Final Acute and Chronic Value. However, a spe~

cial sensitivity of aquatic insects to dieldrin is reflected in the values

obtained in 30-day exposures of Pteronarcys dorsata and Acroneuria pacifi-
ca. MWith these insects the LCso values were 2 and 0.2 ug/l, ré;pective-'

ly. A 24-hour exposufe of the midge, Chironomus tentans, resulted in an

LCgg of 0.9 ug/1. These three values are below the Final Acute Value of
2.5 ug/1, which indicates thai some aquatic insects may not be protected by
this value.

For saltwater species, two pink shrimp studies by Lowe (undated)(Table
6) give acute values for aldrin (0.37 ug/1) and dieldrin (0.28 ug/1) that
are lower than any in Table 1. Parrish, et al. (1973) produced an LCgq
value of 0.7 ug/1 dieldrin for pink shrimp based on measured values in a

flow-through test; this test should take precedence over that of Lowe, in

8-9



which the test concentrations were not measured. If one can assume that the
relationship between the dieldrin LCgq values for Korean shrimp (flow-
through test)-and pink shrimp (i.e., 6.9 to 0.7 ug/1) would hold for the
same two species exposed to aldrin, then one would gxpect the aldrin LCsp
for pink shrimp to be 1/10 that (3.0 ug/1) of Korean shrimp, or 0.3 ug/l.
In fact, a 24-hour ECSO of 0.37 ug/1 has been reported for pink shrimp
(Lowe, undated)(TabIé 6). Because this test doés not meet the criteria in
the Guidelines for an acceptable acute test (the duration was 24 hours), it
was not placed in Table 1. Howévér, pink shrimp are commercially valuable
as well as ecologically important, and the Saltwater Final Acute Value may

be too high to protect this important species.

Summary

Acute values are available for 19 freshwater fish and invertebrate spe-
cies. The data are all from static exposures in which aldrin and dieldrin
concentrations were calculated but not measured. The species list repre-
sents all of the major functional and taxonbmic classifications. The most
resistant fish species is the goldfish at 41 ug/1, and the most sensitive is
the rafnbow trout at 2.5 ug/1. A similar comparison for the inverteb}ate

species shows a range from 5 ug/1 for the isopod, Asellué brevicaudus, to 39

ug/1 for the stonefly, Pteronarcys californica. The Freshwater Final Acute

value for dieldrin is 2.5 ug/1; that for aldrin is 3.0 ug/l.
The three fréshwater chronic values for dieldrin are 0.22, 0.45, and 57

ug/1 for the rainbow trout, guppy, and Daphnia magna, respectively. The

acute-chronic ratios for rainbow trout and guppy are 11 and 9.1,

respectively.
The freshwater residue data for dieldrin show a wide range of bioconcen-

tration factors. The highest factor was for yearling lake trout which may
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not have reached steady-state at a bioconcentration factor of 68,286. This
factor may undere§t1mate the bioconcentration potential of older, 1larger
lake trout and thus is a conservative estimate for this’species; The Fresh-
water Final Residue Value for dieldrin of 0.0019 wug/1 ;as calculated using
the FDA action level of 0.3 mg/kg for f1sh'011, a percent 1ipid value of 100

for fish oil, and'tﬁe geometric mean of normalized bioconcentration factors
(1,557). The Final.Residue Value may be too high because, on the average, .
the concentration in 50 percent of species similar to those used to derive
the value will exceed the FDA action. ,

The freshwater plant data c1gar1y indicate that plants are more resis—
tant than animals. The lowest plant value of 100 ug/1 for ld days would
certainly destroy most animal 1ife in the water.

The acute toxicities of aldrin ;nd dieldrin to saltwater organisms and
the persistence and biocaccumulation potentia1‘for dieldrin have been studied
using sa1twatér plants and animals. Bfioaccumulation by saltwater organisms
and/or subsequent transfer to other animals in saltwater food-webs have been
documented 1in field studies and laboratory experiments; Results from
>96-~-hour tests indicate that dieldrin 1; chronically toxic to saltwater
fishes and crabs, although the exact mechanism of toxicity is not known.
The Saltwater Final Acute Value for dieldrin is 0.71 ug/1; that for aldrin
is 1.3 wg/l.

No chronic study on any saltwater fish species has been reported. One

saltwater test on dieldrin using the mysid shrimp,'Mysidopsis bahia, pro-

duced a chronic value of 0.73 ug/l, and the acute-chronic ratio for the spe-
cies is 6.2. The Saltwater Final Chronic Value for dieldrin is 0.084 ug/1.
Dieldrin bioconcentration factors for saltwater species range'from 400

to 8,000. The Saltwater Final Residue Value of 0.0019 ug/1 was calculated
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using the FDA action level of 0.3 mg/kg for fish oil, a percent 1ipid value
of 100 for fish oil, and the geometric mean of normalized biocoqcentration
factors (1,557). The Final Residue Value may be too high because, on the
average, the concentration in 50 percent of specié; s%mi]ar to those used to
derive the criteria will exceed the FDA action level.

CRITERIA

. Dieldrin
For dieldrin, the criterion to protect freshwater aquatic life as

derived using the Guidelines is 0.0019 ug/1 as a 24-hour average, and the

concentration should not exceed 2.5 ug/1 at any time.

For dieldrin the criterion to protect saltwater aquatic life as de-
rived using the Guidelines i§ 0.0019 ug/1 as a 24-hour average, and the con-
centration should not exceed 0.71 ug/1 at any time.

Aldrin -

For freshwater aquatic life, the concentration of aldrin should not
exceed 3.0 ug/1 at any time. No data are available concerning the chronic
toxicity of aldrin to sensitive freshwater aquatic life.

For saltwater aquatic life, the concentration of aldrin should not
exceed 1.3 pg/1 at any time. No data are available concerning the chronic

toxicity of aldrin to sensitive saltwater aquatic life.
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Specles

Cladoceran,
Daphnls carinata

Cladoceran,
Daphnia puiex

Cladoosran,
Simocephalus serrulatus

Cladoceran,

Simocephajus serrulatus '

Isopod,

Asel fus brevicaudus

Scud,
Gammarus fasclatus

Scud,
Gamsmarus fasclatus

Scud,
Gammarus lacustris

Scud,
Gammarus lqcustr Is

Glass strimp,
Pajasmonetes kadlakensis

Crayfish,
Orconectes nals

Mayfiy,
Ephemereilla grandls

Stonef ly,
Acroneurla paclfica

Tabte 1. Acute wvalues for sldrin/dieldrin

Specles Mean
LCS0/EC30 Acute Yalwe
Method® Chemical {pg/1) (pg/1) Reference
FRESHWATER SPECIES
s, U Technical grade 130 130 Santharam, et al.
dieldrin 1976
s, U Oleldrin 0 0 Sanders & Cope, 1966
s, U Dletdrin 240 - Sanders & Cope, 1966
s, U Diefdrin 190 213 Sanders & Cope, 966
s, U Dietdrin s s Sanders, 1972
s, U Oleldrin 640 - Sanders, 1972
s, U Dieldrin 600 620 Sanders, 1972
s, u Dietdrin 700 - Gautln, ot al. 196%
s, U Dleldrin 460 567 Sanders, 1969
s, U Dieldrin 2 2 Sanders, 1972
s, U Dieldrin 70 740 Sanders, 1972
s, u Dleldrin 8 8 Gaufin, ot al. 1965.
s, U 100§ dieldrin 24 24 Jonsen & Gaufin,

1964
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Teble 1. {(Continwed)

Specles

Stonef ly,
Pteronarcys callfornice

Rainbow frout,
Salmo galrdneri

Ralnbow trout, .
Saimo gailrdnet|

Ralnbow trout,
Salmo gairdnerl

Ralnbow trout,
Salmo galrdner|

Coho saimon,
Oncorhynchus kisutch

Chinook saimon,
Oncorhynchus tshawytscha

Goldfish,
Carasslus auratus

Fathead minnow,
Pimephales promelas

fathead minnow,
Ploephales promelas

Fathead minnow,
Pimsphales promslas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead mlnnow,
Pimophales prometlas

Hethod®
s, U

S, U
S, U
S, U
S, U
S,V
S, U
S, U
S, U

s, U

Chemical
1005 dieldrin

905 dieldrin
85% dletdrin
858 dleldrin
85% dieldrin
908 dleldrin
90% dleldrin
908 dleldrin
90% dieldrin
9% dleldrin
855 dleldrin
osi dleldrin
858 dleldrin

85% dletdrin

Specles Mean
LC30/ECS0 Acute Yalue
tug/1) (rg/l) Refereace
3 33 Jonsen & Gaufin,
1964
909 - Klf!. '”'
2.4 - Macek, ot al, 1969
|19 - Macek, ot al. 1969
1.4 2.5 Hacek, ot al. 1969
10.8 10.8 Katz, 1961
6.1 6.0 Katz, 196
41 L) Henderson, ot al,
19%9
18 - Henderson, of al.
195%
18 - Henderson, ot al,
195 -
36 - Tarawell & Henderspn,
1957 '
24 - Tarzwell & Henderson,
197"
16 - Tarzwel! & Henderson,
1957
2 - Tarzwel | & Henderson,

1957



5T-9

Table 1, (Continued)

Specles

Fathead mlnnow,
Plssphales promslas

Guppy,
Poecl|la reticulats

Guppy, .
Poeclila reticulata

Guppy,
Poeclilla reticulata

Guppy,
Poeci |la reticulata

Guppy,
Poecliila reticulata

Guppy,
Poecllla reticulata

Guppy,
Posclila reticulats

Guppy,
Poecliila reticulata

Guppy,
Poeclita retflculata

Guppy,

- Poectila retlculata

Guppy,
Poeciiia reticulata

" Guppy,

Poeclila reticulata

Guppy,
Poecl l1a reticulata

Method®
S,V

s, U

Chemical
85% dleldrin
Technical grade
dieldrin

Technical grade
dleldrin

Technical grade
dieldrin

Technlical grade
dleldrin

Technical grade
dleldrin

Technlcal grade
dleldrin

Technical grade
dleldrin

Technical grade
dieldrin -

Technical grade
dleldrin

Technlcal grade
dleldrin

Technlcal grade
dieldrin

Technlical grade
dleldrin

Technical grade
dleldrin

LC30/6C30
{xg/1)

Species Mean
Acute Valwe

{ng/1)

23

3.9

4.7

3.9

5.1

3.9

3.7

3.2

3.9

4.2

4.3

4.3

4.1

3.5

22

Reference

Tarzwell & Henderson,
1957

Chadwick & Kilgemag!
1968 '
Chadwick & Kilgemagl,
1968

Chadwick & Kilgemegi,
1968

Chadwick & Kilgemagl
1968 9%

Chadwick & Kiigemagl
1968 ’
Chadwick & Kilgemegl
1968 ’

Chadwlick & Kilgemag!,
1968

Chadwick & Ki igemngl
1968 ’

Chadwick & Kilgepagi
1968 ’

Chadwick & Klligemagl,

- 1968

Chadwick & Kiigemag!
1968 ’

Chaduick & Kilgemagl’
1968 ’

Chadwick & Kilgemeg!
1968 ’
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Table 1o

Specles

Guppy,
Poeclila

(Continued)

reticulata

Guppy,
Poeclila

reticulata

Guppy,
Poecl | la

reticulata

Guppy,
Poecliia

reticulata

Guppy,
Poecl i ia

reticulata

Guppy,
Poecliia

reticulata

Guppy,
Poeclila

retlculata

Guppy,
Poecliia

reticulata

Guppy,
Poecliia

reticulata

Guppy,
Poecliia

Guppy,
Poecl | la

reticulate

reticulata

Guppy,
Poeclila

reticulata

Guppy,
Poeciiia

reticulata

Guppy,
Poeciila

reticulata

Method®
s, U

s, U
S, U
s, U

S, U

Chemlcal

Technlcal grade

dieldrin

Technlcal grade
dleldrin

Technical grade
dleldrin

Technlcal grade
dieldrin

Technlcal grade
dleldrin

Technical grade
dieldrin

Technlical grade
dleldrin

TYechnical grade
dleldrin

Tochﬁlcal grade
dieidrin

Technical grade
dieldrin

Technical grade
dleldrin

Technical grade
dieldrin

Technlcal grade
dleldrin

Technical grade
dleldrin

LC30/EC30
{pg/t)

Specles Hesa
Acute Vales

(ug/1d

4.7

3.2

2.9

2.6

2,9

2.‘

2,6

2.3

2.7

2.3

2,7

2.7

4.0

6.1

Reference

Chadvick & Ki Igeasg}
1968 ’

Chadvick & Kilgemegi
1968 , *

Chadwick & Kilgemsg
1968 ’

Chadw
1968

Chadw
1968,

Chadw
1968

ick & Kilgemagl,
fck & Kilgemegl,

ick & Kilgemegl,

Chadwick & Kiigemagl,

Chadw
1968

Chadw
1968

Chadw
1968
Chadw
1968

Chadw
1968

Chadw
1968

Chadw
1968

lck & Kilgemagl,
lck & Kilgemegl,
fck & Kiigemagl,
fck & Kilgemagl,-.
fck & Kilgemagl,
fck & Kilgemegl,

ick & Kiigemegl,
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Table 1. (Continued)

Specles Mean

LC50/EC50 Acute Value
Specles Hethod® Chemical (pg/1) {ug/t) Retferance
Guppy, s, U Technical grade 3.2 - Chadwick & Kiligemagl,
Poecliia retliculata dleldrin 1968
Guppy, s, U 9945 dleldrin 6.6 - Chadwick & Kilgemagi,
Poeclila reticulata : 1968
Guppy, s, u 99+% dleldrin 5.6 - Chadwick & Kligemagl,
Poecliia reticulata 1968
Guppy s,V 99+f ‘dleldrin 6.1 - Chadwick & Kilgemagl
Poeclila reticulata ! : 1968 !
Guppy, S, U 99%% dieldrin 7.5 - Chadwick & Kl lgemagl,
Poeclila reticulata ‘ 1968
Guppy, s, U 9915 dleldrin 10 - Chadwick & Kiligemagl,
Poecllia reticulata : : 1968
Guppy, S, u 99+% dleldrin 6.6 - * Chadwick & Kiligemagl,
Poeciila reticulata 1968
Guppy, S, U - 9%g dleldrin 6.6 - Chadwlck & Kilgemagl,
Poeciila reticulata 1968
Guppy, s, U 99+% dieldrin 6.9 - Chadwlick & Kilgemagl,
Poecl|ia reticulata 1968
Guppy, s, U 99t£ dleldrin 4,7 - Chadwick & Kiigemagl,
Poeclila roflculata 1968
Guppy, ' s, U 99+% dleldrin 1.5 - Chadwick & Kilgemagl,-.
Poecliia reticulata . : 1968
Guppy, s, U 90% dleldrin 25 - Henderson, ot al,
Poecliia reticulata : . 1959
Guppy,. s, u Dleldrin i 2) A Cairns & Loos,
Poecl ila reticulata . 1966
Green sunfish, s, U 85% dieldrin 6 - Tarzwell & Henderson,

Lepom!s cyanel lus 1957
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Table 1. (Continued)

Specles

Green sunfish,
Lepomis cyanellus

Green sunfish,
Lepomils cyanellus

Bluegllil,
Lepomis macrochirus

Blueglll,
Lepomis macrochirus

Blueglil,
Lepomis macrochlrus

Bluegltl,
Lepomls macrochirus

Blueglil,
Lepomis macrochirus

Blueglll,
Lepomis macrochirus

Bluegiltl,
Lepomis macrochlirus

Blueglly,
Lepomls macrochlrus

Cladoocsran,
Daphnia pulex

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

isopod,

Asel lus brevicaudus

s, U

s, U

s, U

s, u

85% dleldrin

85% dleldrin

90% dleldrin

85% dleidrin

858 dieldrin

85% dieldrin

85¢ dleldrin

85% dleldrin

85% dleldrin

85% dleldrin

Aldrin

Aldrin

Aldrin

Aldrin

LC30/EC50
_tug/t)

Specles Mean
Acute Valwe

tug/1)

17

14

32

22

23

32

Reference

Tarzwe} | & Honderson,
1957

Terzwell L Henderson,
1957

Henderson, ot al.
19%

Hacek, ot al. 1969
Macek, et al. 1969

Hacek, et al. 1969

Tarzwell & Henderson,
1957

Tarzwel| & Henderson,
1957

Tarzwell & Henderson,
1957

Tarzwel! & Henderson,
1957

Sanders & Cope, 1966
Sanders & Cope, 1966
Sanders & Cope, 1966

Sanders, 1972
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Table t. (Contlnhod)

Specles

Scud,
Gammarus fasclatus

Scud,
Gammarus fasclatus

Scud,
Gammarus lacustris

Scud,
Gammarus lacustris

Glass shrimp,
Palaemonetes kadlakensis

Maytly,
Ephemerelia grandls

Stonetly,
Acroneurla pacifica

Stonef ly,
Pteronarcys callfornica

American eel,

Angullla rostrata

Ralnbow trout,
Salmo galrdner |

Ralnbow trout,
Salmo galrdnerl|

Ralnbow trout,
Salmo galrdner}
Ralnbow trout,
Salmo gairdner|

Coho salmon,
Oncorhynchus kisutch

Chemlical

Aldrin
Aldrin
Aldrin
Aldrin
Aldrin
Aldrin
Aldrin
93% aldrin
Aldrin
868.4% aldrin
95% atdrin
95% aldrin
95% aldrin

88.4% aldrin

Gaufin, et al. 1965

Gaufin, ot al. 1965
Jensen & Gaufin, 1964
Jensen & Gautln, 1964

Rehwoldt, ot af. 1977

Macek, ot al. 1969

Macek, ot at, 1969

Macek, ot al. 1969

Specles Nean
LC50/EC50 Acute Value
_fpg/t) tug/1) Reference
4,300 - Sanders, 1972
5,600 4,900 Sanders, 1972
38,500 -
9,800 19,000 Sanders, 1969
50 50 Sanders, 1972
9 9
143 143
180 180
16 16
17,7 - Katz, 1961
3.2 -
3.3 -
2,2 4.5
45,9 Katz, 1961

45.9
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Table 1. (Contlnued)

Specles
Chinook saimon,

Oncorhynchus tshawytscha

Goldtish,
Carasslius auratus

Corp, .
Cyprinus carplo

Fathead minnow,
Pimephales promelas

Fathead minnow,
Plmephales promelas

Banded kil llIfish,
Fundulus dliaphanus

Guppy,
Poecllia reticulata

Guppy,
Poecliia reticulata

wWhite perch,
Roccus amer (canus

Striped bass,
Morone saxatilils

Blueglil,
Lepomis secrochlrus

Blueglll,
Lepomls macrochirus

Bluegl i,
Lepomis macrochlirus

Bluegitl,
Lepomls macrochlrus

Hethod® Chemical
s, U ‘88.43 aldrin
s, U 88.4% aldrin
s, U Aldrin
s, U 68.4% aldrin
s, U 88.4% aldrin
s, U Aldrin
s, U 88.4% aldrin
s, U Aldrin
s, U Aldrin
S, U Aldrin
S, ¥ _ 88,45 aldrin
s, U ‘955 aldrin
s, u 958 aldrin
s, U 95% aldrin

LCS0/ECS0 et Valve
tpg/1) (pg/1)
6.1 6.1
32 32
4 4
3 -
32 34
21 21
3 -
2 2
2 2
10 10
15 -
1.7 -
5.8 -
4.6 7.4

Reference

Katz, 1961

Henderson, ot al.
1959

Rehwoldt, et al. 1977
Henderson, et al.
1959

Henderson, et al.
1959

Rehwoldt, ot at. 1977
Honderson, ot al,
19% .
Rehwoldt, et al. 1977
Rehwoldt, ot al. 1977
Rehwoldt, ot al. 1977
Henderson, ot al,.
1959 o
Macek, ot al, 1969

uacok.'ot al. 1969

Macek, of al. 1969
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Teble 1. (Continued)

Specles

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Mysid shrimp,
Myslidopsis bahia

Mysid shrimp,
Mysidopsis bahla

Sand shrimp,
Crangon septemspinosa

Hermlt crab,
Pagurus tonglcarpus

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Palaomonetes puglo

Korean shrimp,
Palaemon macrodactylus

Korean shrimp,
Palaomon macrodactylus

Pink shrimp,
Penaous duorarum

Amorican eel,
Angullia rostrata

Chlnook salmon,
Oncorhynchus tshawytscha

Atlantic sliverside,
Menidia menidla

Method*®

T,
FT,
S
FT,
s,
S
S

T,

u

Specles Nean

Chemical _?&%” k::;{:g.“
SALTWATER SPECIES

Dieldrin J4ns -
Dieldrin 31,248 31.2
Djeldrin 3.7 -
Dleldrin .5 4.5
Dieldrin 7.0 1.0
Dieldrin 18.0 18.0
Dletdrin 50.0 50.0
Dieldrin 8.6 8.6
Dleldrin 16.9 -
Dieldrin 6.9 10.8
Dieldrin 0.7 0.7
Dietdrin 0.9 0.9
Dleldrin 13 1.5
Dleldrin 5.0 5.0

Refereace

Butler, 1963
Pacrish, ot at. 1973
U.S. EPA, l9&.)

U.S. EPA, 1980
Eisler, 1969
Eisler, 1969
Eisler, 1969
Parrish, ot al, 1973
Schoet tger, 1970
Schoettger, 1970
Parrish, ot al. 1973
Elsler, 1970b
Schooffg.r, 1970

Eisler, 1970b
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Yable 1. (Continued)

Species

Sheepshead minnow,
CyprInodon varlegatus

Mummichog,
Fundulus heteroclitus

Mummichog,
Fundulus heteroclltus

Striped killitish,
Fundufus majalls

Threespine stickleback,
Gasterosteus aculeatus

Threespine stickieback,
Gasterosteus aculeatus

Striped bass,
Morone saxatllils

Shiner perch,
Cymatogaster agqregata

Shiner perch,
Cymatogaster agqregata

Dwar f perch,
Micrometrus minimus

Dwart perch,
Micrometrus minimus

Bluehead,
Thalassoma bifasciatum

Striped mullet,
Mugl! cephalus

Northern puffer, .
Sphaeroldes maculatus

Hethod®
FT, M

S, U
S, U

S, U

Chemical

Dleldrin
Dieldrin
Dleldrin
Dlo}drln
Dleldrin
Dleldrin
Dieldrin
Dieldrin
Dlsldrin

Dleldrin

‘Dieldrin

Dleldrin
Dleldrin

Dleldrin

LC30/EC30 s‘i:"..i:‘ vm:
_(pg/) (pg/1)
10.0 10,0
5.0 -
16.0 8.9
5.0 5.0
15.3 -
13.1 14,2
19.7 19.7
3.7 -
1,5 2,3
5.0 -
2.44 3.5
6.0 6.0
23.0 23.0
34.0 34,0

Reference

Parrish, ot al, 1973
Eisler, 1970a
Eisler, 1970b
Elsler, 1970b

Katz, 1961

Katz, l96i

Korn & Earnest, 1974

€Earnest & Benviile,

1972

Earnest & Beavilie,
1972

Earnest & Beavllle,
1972

Earnest & Benville,
1972

Elsler, 1970b
Elsler, 1970b

Elsler, 1970b

)
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Tablje 1. (Continued)

Specles Method*
- Eastern oyster, T, v

Crassostrea virginica

Sand shrimp, S, u

Crangdon septemspinosa

Hermlt crab, s, U

Pagurus longlcarpus

Grass shrimp, S, U

Palaemonetes vulgaris

Korean shrimn, s, 4

Palaemon macrodactylus

Korean shrisp, T, U

Palaemon macrodactylus

American eel, s, U

Angullla rostrata

Mummichog, s, U

Fundutus heteroci|tus

MusmIchog, V S, U

Fundulus heteroclitus

Striped kiitifish, s, U

Fundulus majalls

Atlantic sliverside, s, U

Menidioa menidia

Threespine stickleback, s, U

Gasterosteus aculeatus

Threespine stickieback, s, U

Gasterosteus aculeatus

Striped bess, Fr, U

Morone saxstiils

Chemical

Aldrin
Aldrin
Aldrin
Aldrin
Aldrin
Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Specles NHean
i
5.0 25,0

8.0 8.0
33.0 33.0

9.0 9.0

0,74 -

3.0 1.5

50 %0

8.0 -

4.0 5.6
17.0 17.0
13.0 13,0
3.8 -

27.4 33.0

7.2 7.2

Reference

But ler, 1963
Eister, 1969
Elsler, 1969
Elsler, 1969
Sc@tger. 197¢
Schoettger, 1970
Eisler, 1970b
Eisler, 1970b
Eisler, 19702
Elsler, 1970b
Elsler, 1970b
Katz, l96l
Katz, 1961

Korn & Earnest, 1974
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Table 1. (Contlrued)

Specles

Shiner perch,
Cymatogaster aggreqata

Shiner perch,
Cymatogaster aggreqata

Owart perch,
Micromstrus minimus

Dwar f perch,
Micrometrus minimus

Blushead,
Thalassoma bifasclatum

Striped mullet,
Mugl ! cephalus

Northern putfer,
Sphaeroldes maculatus

Method"
S, U

FT, U
S, u
FT, v
S, U

S, ¥

Chealcal

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Aldrin

Earnest & Beaville,
Earnest & Benviile,
Earnest & Benville,

Earnest & Benviile,

Specles Hean
LCS0/ECS0 Acute Yalwe
tug/t) (pa/l) Reference
7.‘ -
1972
2,26 4.1
1972
'8.0 -
1972
2,03 6.0
1972
12,0 12,0 Eisler, 1970b
100.0 100.0 Elsler, 1970b
36.6 36.0

Elsler, 1920b

* 5 = statlic, FT = flow-through, U = unmeasured, M = measured

HSEC50 besed on shei! deposition
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Table 2,

Sgglu.

Cladoceran,
Daphnia megna

Ralnbow trout,
Salmo gairdnerl

Guppy,
Poeciiia reticulata

Mysld shrimp,
Mysldopsis bahia

Clwonic values for dieidrin

Limits Chroalc VYaluwe

Refersnce

Test*  (ug/l) (4g/1)
FRESHWATER SPECIES
Lc 32-100 51
ELS 0.12-0,39 0.22
Lc o. 2~ ' 3 0 0. ‘5

SALTWATER SPECIES
~

Lc 0.49-1.1 0.73

Adema, 1978
Chadwick & Shumway,
1969

Roelofs, 1971

U.S. EPA, 1980

% LC = 1ife cycle or partial Ilife cycle, ELS = early life stage

Acuvte-Chronic Ratlos

Acute Chronlc

. . Vatue Yalue
Specles {pg/) {ug/t)
Ralnbow trout, 2,5 0,22
Saimo galrdnerl
Guppy, 4.1 0.45
Poecliia rotlculaf_o
Mysid shrimp, 4.5 0.73 -

Mysidopsls bahla

9.1

6.2

-
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Table 3.

Specles Mean
Acute Value

tyg/t)

Species mesn acute values and acute-chronic ratios for aldrin/dleldrin

Specles Mean
Acute-Chronic
Ratlo

FRESHWATER SPECIES

Rank® Specles
19 Crayt Ish,
Orconoctes nals
18 Scud,
Gammarus fasclatus
17 Scud,
Gammarus lacustris
16 Cladocaran,
Daphnla pulex
15 Cladocsran,
Slaocpphalus sorrulatus
14 Cladoceran,
Daphnia carinata
13 Goldtish,
Carasslus auratus
12 Stonef 1y,
Pieronarcys callfornica
LR) Stonef iy,
Acroneur)a pacltica
10 Fathead minnow,
Plmephales promelas
9 Glass shrimp,
Pajaemonetes kadlakensis
8 Bluegl i,
Lepomis macrochlrus
7 Coho saimon, .

Oncorhynchus kisutch

Dieldrin
740

620
567
250
213
130

41

33

24

15

10.8
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Table 3. (Continued)
Renk® Specles
6 Green sunfish,
Lepomis cyanelius
5 Mayf ly,
Ephemerella grandis
4 Chinook salmon,
: Oncorhynchus tshawytscha
3 Isopod,
Asellus brevicaudus
.2 Guppy, .
Poeclila reticulata
1 Ralnbow trout,
Salmo gairdner!
21 Scud,
Gasmarus lacusirls
20 Scud,
Gammarus fasclatus
19 Stonef ly,
Pteronarcys callforalca
18 Stonef Iy, :
. Acroneuria paclfica
17 Glass sirimp,
Palasmonetes kadiakensis
16 Coho salmon,
Oncorhynchus kisutch
15 White perch,

Roccus amer [canus

Specles Mean
Acute Value

fug/t)

Speclies Nean
Acute-Chronic
Ratlo

6.1

5.0

4.5

2.5

Aldrin

19,000
4,900
180

143

45.9

42

9.1
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Spacles Nean
Acute Yalue

(ug/1)

Specles Hean
Acute-Chronlc
Ratlo

Yable 3. (Continued)
Rank® Specles
14 Fathead minnow,
Pimephales promesias
13 Goldfish,
Carasslus auratus
12 Cladoceran,
. Daphnla pulex
1 " Guppy,
Poscl|1a reticulata
10 Cladoceran, ,
’ Simocephalus serculatus
9 Banded kIi1ifish,
Fundulus dlaphanus
8 American eef,
Angul 1la rostrata
7 Striped bass,
Morone saxatllls
6 Mayt ly,
Ephemerella grandis
5 {sopod,
Asellus brevicaudus
4 Blueglil,
Lepomis macrochlirus
3 Chinook salmon,
Oncorhynchus ishawytscha
2 Ralnbow trout,
Salmo galrdnerl
1 Carp,

Cyprinus carplo

34

32

21

16
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Table 3. (Continued)

Specles Mean
Acute-Chronic
Ratlo

Specles Hean
Acute Value
Ronk* Specles (ug/1)
SALTWATER SPECIES
Dleldrin

21 Grass shrimp, 50.0
Palaemonetes vulgaris

20 Northern puffer, 34,0
Sphaeroldes maculatus

19 Eastern oyster, 3.2
Crassostrea virginica

18 Striped milet, 23,0
Mugl | cephalus

17 Striped bass, 19,7
Morone saxatllis

16 Hermlt crab, 18.0
Pagurus longicarpus

15 Threespine stickleback, 14,2
Gasterosteus aculatus

14 Korean shrimp, 10.8
Palaemon macrodactylus

13 Sheepshead minnow, 10.0
Cyprinodon variegatus

12 #umm(chog, 8.9
Fundulus heteroclitus

1" Grass shrimp, 8.6
Palaemonetes pugio

10 Sand shrirp, : 7.0
Crangon septemspinosa

9 Bluehead, 6.0

Thalassoma blfasciatum
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Table 3,

Reak®

(Coat Inued)

Species

16

15

14

13

12

Striped k1llitish,
Fundufus majalis

Attantic sliverside,
Monldia menlidia

Mysid shrimp,
Mysidopsis bahla

Dwart perch,
Micrometrus minimus

Shiner perch,
Cyamatogaster aggregeta

Chinook saimon,
Oncorhynchus tshawytscha

American eel,
Angullla rostrata

Plnk shrimp,
Penasus duorarum

Striped mullet,
Mugll cephaius

Northera puffer,
Sphaeroldes maculatus

Hermit crab,
Pagurus longicarpus

Three-spined stickleback,
Gasterosteus aculeatus

Eastern oyster,
Crassostrea virgianice

Specles Mean Specles Hean

Acute Value Acute~-Cihronlc

(pg/}) Ratlo
5.0 -
5.0 -
4.5 6.2
3.5 -
2,3 -
1.5 -
0.9 -
0.7 -

100.0 -
36.0 -
33.0 . -
33.0 -
.zs.o -



Te-€

Specles Mean
Acute YValue

(pg/1)

Specles Mean
Acute-Chronlc
Ratlo

Table 3, (Contlinued)
Rank® = Specles
1" Striped killltlish,
Fundulus majatlis
10 Atlantic silverside,
Menidla menidia
9 Bluehead,
Thal lassoma blfasclatum
8 -Grass shrimp, ‘
Palaemonetes pulgaris
? Sand shrisp,
. Crangon septemspinosa
6 Striped bess,
Morone saxatills
5 Dwart perch,
Micrometrus minlimus
4 Mumnmichog,
Fundulus heteroclitus
3 American eel,
Angullla rostrata
2 Shiner parch,

Cymatogaster aqgregata

Korean shrimp,
Palasmon macrodactylus

17.0

13.0

12.0

9.0

e.o

7.2

6.0

5.6

5.0

4.1

1.5

* Ranked from least sensitive to most senslitlive based on specles wmean:
acute value. . :

Freshwater Flinal Acute Value for aldrin = 3.0 g/l

Saltwater Flnal Acute Value for aldrin = 1.3 ug/|
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Table 3, (Continued)

Final Acute~Chronlc Ratlo for dleldrin = 8.5

Freshwater Final Acute Value for dieldrin = 2,5 ug/|
Freshwater Final Chronlc Value for dleldrin = 2.5 ug/l ¢ 8.5 = 0,29 ug/|

Saltwater Final Acute Value for dieldrin = 0.71 ug/{
Saltwater Final Chronic Value for dleldrin = 0.71 ug/l & 8.5 = 0,084 ug/1
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Species

Algs,
Scenedesmus quadrlcaudata

Diatom,
Navicula seminulum

Water-meal,
Wolftia papullfera

Water-meal,
Woltfla papullfera

Alga,

Agmenel lum quadrupl jcatum

"Phytoplankton communlty

Table 4. Plant values for aldrin/dieldrin

Chemical

Dleldrin

Dieldrin

Dieldrin

Aldrin

Dleldrin

Aldrin

Effect

FRESHWATER SPECIES

22% reduct lon
in blomass In
10 days

50% reduct lon
in growth in
5 days

Reduced popula-
tlon growth In
12 days

Reduced popula-
tion growth In
12 days

SALTWATER SPECIES

Reduced growth
ratlo

84.6-84.8%

decrease In
productivity
after 4 hrs

Result
{ug/1)

100

12,600

10,000

10,000

950

1,000

Reference

Stadnyk & Campbell,
9

Calrns, 1968

Worthiey & Schott,
N

Worthiey & Schott,
1971

Batterton, et al,
91

But ler, 1963
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Specles

Alga,
Scenedesmus obl lquus

Community dominated by
the alga,
Tribonema minus

Communlty of alga and
dlatoms Includin

Sflag(‘:_l dum,
igeo ao_;__n%m secundum
S Cocc

emla
Oorex, 2onels placenfula

var. typta, and
NltzscEia Sp.
Cladoceran,
Daphnla magna

Freshwater sussel,
Lowpsiiis sillquoldea

Steslhead trout
(newly hatched alevin),

Saimo galrdneri

Lake trout (yoarllﬁg).
Saivelinus namaycush

Channel cattish,
ictalurus punctatus

Channel cattish,
ictalurus punctatus

Guppy,
Poeclila reticulata

Guppy,
Poecllia reticulata

Table 3.

Resldues for dletérin

Lipld Bloconceatration Duration
Tissuo (%) Factor (days) Reference
FRESHWATER SPECIES
- - 128 2.5 . Ralnert, 1972
- - 5,558 4~6 wks Rose & Mcintlire, 190
- - 3,186 4~6 wks Rose & Hcintlre, 1970
- - 1,395 b I Relnert, 1972
.whole body 1 1,160 7-12 Bedford & Zablk, 1973
whole animal - 3,225 35 Chadwick & Shumway,
1969
whole body - 68,286 152 Relnert, of al. 1974
dorsal muscle - 2,385 70 Shannon, 19770
dorsal muscle - 2,993 28 Shannon, 1977a
wvhole animal - 12,708 32 Relnert, 1972
whole animal - 28,408 160-230

Roelofs, 1971
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Table 5. (Continued)

trout, Salwo galrdner|

Lipld Bloconcentration Duration
Species Tissus %) Factor (days) Reference
SALTWATER SPECIES
Eastern oyster, edible tlssue - 8,000 392 Parrish, 1974
Crassostrea virginica
Crab, whole body - 400% 16 Epifanio, 1973
Leptodlus floridanus
Salifin molly, edlble tissue - 4,867 238 Lane & Livingston,
Poecilia tatipinna 1970
Spot, whole body 1. 140 2,300 35 Parrish, ot al, 1973
Lelostomus ‘xanthurus . .
* Converted from dry to wet welght basls
%)ata for £ iipld from Hansen, 1980 .
Maximum Permissible Tissue Concentratlion '
. Concentrat lon
Action Level or Effect (mg/kg) Reference
Fish and shelifish 0.3 U.S. FDA Guldefline
7420,08, 1978
Fish oll 0.3 U.S. FDA Guldel ine A
7426.04, 1977

Altered ammonia 0.36 of Mehrie & Bloomtfleld, -

detox!fylng mechanism dlet 1974

of ralnbow trout,

Saimo galrdnerl

Altered phenylalanine 0.36 of . Mehrte & DeClue, 1972

mechanism of ralnbow dlet .
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Table 5. (Continued) -

Geometric mean of normallized BCF values (see text) = 1,557
Marketabl ity for human consumptlon: FDA actlon level for fish and shetitish = 0,3 mg/kg
Percent 1ipld values for trestwater specles (see Guldelines) = 15
. Percent llpld value for saltwater specles (see Guldellnes) = 16

Freshwater: 0.3 = 0,000013 mg/kg = 0,013 pg/!
55T x 15

Saltwater: 0.3 = 0,000012 mg/kg = 0,012 ug/!
1,557 x 16

Using highest BCF for edible portion of a consumed specles
Freshwater: Channel cattish = 2,993 (Shannon, 1977a)

0.3 = 0.00010 mg/kg = 0.10 ug/(

Saltwater: Eastern oyster = 8,000 (Parrish, 1974)
0.3 = 0,000038 mg/kg = 0,038 pg/1

FDA actlon tevel for fish olf = 0.3 mg/kg
Percent tipld value for tish ofl = 100

Freshwater and Saltwater: 0.3 = 0,0000019 mg/kg = 0.0019 ug/|
1,557 x 100

Freshwater Final Resldue Value = 0.0019 pg/|
Saltwater Flnal Resldue Yalue = 0,0019 ug/)
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Specles

Amoeba, )
Acanthamoeba castellanti

Tublficlds (mixture),
Tublfex and Limnodrilus

Ostracod,
Cypretta kawatal

Ostracod,
Cypretta kawatal

Aquatic Insects

Stonefly,
Pteronarcys caiifornica

Stonefly,
Acroneuria pacitica

Midge,
Chironomus tentans

Rainbow trout,
Salmo galrdneri|

Ralnbow trouf,
Saimo galrdnerl|

Ralnbow trout,
Salmo gairdner|

Ralnbow trout,
Salmo galrdneri

Table 6.

Chomical

Dleldrin

Dieldrin

Dleldrin

" Dleldrin

Dieldrin

Dieldrin

Dieldrin

Dleidrin

Dleldrin

Dieldrin

Dleldrin

Dleldrin

Other data for aldrin/dleldrin

Duration

. Etfect

FRESHWATER SPECIES

6 days
96 hrs
24 hrs
72 brs

6 mos

30 days
30 days
24 s

17-23
days -

140 days

140 days

168 days

No effect on
survival

LC50
LCS0

LC50

Bloconcenfration
In naturally
exposed animals

LC50
LCS0
LC50

Lethal muscle
tissue concentra-
tion 7.7 mg/kg

Ajtered concen-
trations of 11
amino aclds .

tncreased {lpld
Equllibrium blo-

accumuiation of
1.05 mg/kg

Result
(pg/1)

10,000

6,700

185
12.3

4,520

0.2
0.9

2.3

1 mg/kg/wk

0.2 mg/kg/
w

0.2 mg/xg/
wk

Retference

Prescott, ot al. 1977
Whitten & Goodnight,
1966

Hansen & Kawatskl,
1976 :

‘Hansen & Kawatskl,
1976

Buikisy, ot al. 1974

_densen & Gaufin, 1966

Joensen & Gaufin, 1966
Karnak & Colllns,
v

Holden, 1966

Mehrle, et al. 1971

Macek, et ai. 1970

Macek, et al, 1970
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Table 6. (Continved)

Species Chemlcal Duration

Carp, Dleldrin 96 hrs

Cyprinus carplo .

Channel catfish, Dietdrin 210 days

Ictalurus punctatus

Black bulthead, Dleldrin 36 hrs

ictalurus mslas

Mosqul tof lsh, Dleldrin 48 hrs

Gambusia atfinls

Green sunfish, Dieldrin 11 hrs

Lepomls cyanellus

Groen sunflish, Dleldrin 1 hrs

Lepomis cysnellus

Walleye, Oleldrin esbryonic

Stizostedion vitreum stage of
dav.iOp-

Toad (tadpoles), Dleldrin 96 hrs

Bufo woodhous{ .

Frog (tadpoles), Dleldrin 9% hrs

Pseudacrls triseriate

Amosba, Aldrin 6 days

Acanthamoeba castellianii _

Cladoceran, Aldrin 3 days

Daphnia magna

Mayt ly, Afdrin 3 days

Hoxagenla blilInsata

Stonef ly, Aldrin

Pteronarcys cafifornica

30 days

Effect

100% mortality
of eabryos

Reduced growth

LC50
Lc30
Concentration in

blood at death

Concentration in
brain at death

Behavioral aber-
ratlons of yolk
sac fry

1050
1C50

No effect on
survival

fifoconceniration

8loconcentration

LC50

Result
5,000

4 ug/g of
2,3

5.65 w/9

10.31 ug/g

12,2

150
100
10,000
14,100
6,300

2.5

Reference

Malone & Blaylock,
1970

Argyte, 1975

Ferguson, et al. 1965
Culley & Ferguson,
1969

Hogan }ﬂoolo's, 9N
Hogan & Roslofs, 1971

Halr, 1972

Sanders, 1970
Sanders, 1970
Prescott, ot al, 1977
Johnson, ot al, 1971
Johnson, et al, 197}

Jensen & Gautln, 1966
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Table 6. (Contlinued)

Specles

Stonet ly,
Aeroneurja paclfica

Midge,
Chironomus sp.

Carp,

Cyprinus carplo

Black bullhead,
ictalurus melas

Mosqulitotish,
Gambusla affinls

Mosqultotish,
Gambusia atfinls

Blueglll,
Lepomis macrochlrus

Toad (tadpoles),
Bufo woodhousi |

Alga,

Skeletonema costatum

Alga,
Tetrasolmls chull

Alga,
Isochrysis galbana

Alga,
Ollsthodiscus luteus

Alga,
Cyclofells nana -

Cheaical

Aldrin
Aldrin

Aldrin

Aldrin
Aldrin
Aldrin

Aldrin

Aldrin

Dloldrin
Dleldrin
Oteldrin
Dieldrin

Dleldrin

Duration

30 days

3 days

96 hrs

Result
Effect (ug/l)
1C50 22
Bloconcentrat lon 4,600
Signiticant 180

increass ot sodlum
In perfused gil|

LC50 12,5
LC50 36
LC50 270
50% Inhibition 30 uM
dose of Na -K*

ATPase

LC50 150

SALTWATER SPECIES

2 hrs

2 hrs

2 hrs

2 hrs

2 hrs

Bloconcentrat ion -
factor = 1,588"

Bloconcentrat ion -
factor = 859%

B8loconcentrat lon -
factor = 824% :

B8 loconcentratlon -

- factor = 490%

. Bloconcentrat lon -

factor = 481%

Reference

Jensen & Gaufla, 1956
Johnson, et al, 197}

McBride & Richards,
1975

Ferguson, et al. 1963

Culley & Ferguson,
969

Krieger & Lee, 1973

Yap, ot al. 1975

Sanders, 1970

Rice & Slkka, 1973
Rice & Slikka, 1973
Rice & Slkka, 1973
Rios & Sikka, 1973

Rios & Slikka, 1973


https://Ret.-.ca

ov-g

Table 6. (Continued)

Species

Alga,
Amphidinium carterl

Clom,
Rongls cuneata

Eastern oyster,
Crassostres virglinlca

Eastern oyster,
Crassostrea viralnica

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Plink shrimp,
Penaous duvorarum

Brown shriwp,
Penseus aztecus

Brown shrimp,
Crangon crangon

Shore cradb,
Carcinus masnus

Flddier crab,
Uca pugi lator

Crab larvae,
Leptodius floridanus

Crab {arvae,
Leptodius florldanus

Crab larvae,
Leptadlus tioridanus

Chemical Duration
Dieldrin 2Irs
Dieldrin 2 bhrs
Dleldrin 71 days
Dieldrin 7 days
Dleldfln t day
Dleldrin 1 day
Dleldrin 2 days
Dieldrin 2 days
Dleldrin, 2 days
Dleldrin 2 days
Dietdrin 15 days
Dletdrin 18 days
Dieldrin 6 days
Dleldrin 16 days

Etfect

Bloconcentratlion
factor = 98%

Bloconcentration
factor = 1,600 °

Bloconcentration
factor = 2,070

Bloconcentration
factor = 2,880

EC50
EC50
EC50
EC50
LC50
LCS0

Dieldrin in food
atfected running
behavior

Bloaccumslated
after consuming
food with 213

ug/kg
Approximate LC50

Bloconcentration
tactor = 7,052

Result
({74 }]

15.0
240,0
0,28
3.2
>10, <33
>10, <33

0.1 ug/g

217 ug/g

Reference

Rice & Sikka, 1973
Petrocel i, of al,
1973

Mason & Rowe, 1976
Hason & Rowe, 1976
Lows, undated
Lowe, undated
Love, undated

Lowe, undated

Portmann & Wilson,

S9N

Portmann & Wiison,
57} .

Klein & Lincer, 1974

Eplfanio, 1973

Eplfanio, 1971

Epltanto, 1973
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Table 6. (Contlnued)

Specles
Blue crab,
Callinectes sapldus

Blue crab (juvenile),
Callinectes sapldus

Sheepshead minnow,
Cyprinodon variegatus

Sheepshead mlnnow,
Cyprinodon varlegatus

Satitin wmolly,
Poeciliia latiplinna

Salltin molly,
Poecilia latipinna

Spot,
Lelostomus xanthurus

White mul lot,
Mugl| curema

Striped mullet,
Mugl | cephalus

Striped mullet,
Mugli cephalus

Striped mul fot,
Mugl| cephalus

Winter fiounder,
Pseudop leuronectes amer |canus

Plnk shrimp,
Penaeus duorarum

Chemical Duration
Dieldrin 10 days
Dlieldrin 2 days
Dieldrin 2 days
Dleldrin . 2 days
Dlaldrin 2 days
Dleldrin 34 wks
Dieldrin 1 day
Dleldrin 2 days
Dleldrin 2 days
Dieldrin 2 days
Dleldrin 2 days
Dloldr.ln -
Aldrin 1 day

Result

Eftect {pg/t) Reference
Bloaccumulated 4 - Petrocei il , et al.
to 7 times the 1975
dally dose In food
EC50 23.0 .Lowe, undated
LC50 5.82 Wade, 1969
Lc50 24,0 Lowe, undated
LC50 10,8 Wade, 1969
LC50 >1.5, <3.0 Lane & Livingston,

’ 1970

LC50 3.2 Lowe, undated
LCs50 7.1  Butler, 1963
LC50 3.2 Lowe, undated
LC50 3.2 Lowe, undated
1C50 0,66 Lowe, undated
1.21 mg/kg In - Smith & Cole, 1973
embryos caused
88% reduction In
fertilization
ECS0 ‘ . 0.37 - Lowe,- undated
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Table 6. (Continued)

Specles

Blus crab (juvenlie),
Cal linectes sapldus

Spot,
Lelostomus >anthurus

White muilet,
Mugll curema

Striped mullet,
Mugl!t cephalus

Chemical Duratlon
Aldrin 2 days
Atdrin 2 days
Aldrin 2 days
Aldrin 2 days

Effect

&850

Lcs5o

Lc50

Result
(ug/1)
23

3.2

2.8

2,0

Reference

Lowe, undated

Lowe, undated

But ler, 1963

Lowe, undated

% Correctlon factor (0.1) for dry

welght analysis
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Mammalian Toxicology and Human Health Effects

INTRODUCTION

During the past decade, considerable 1nfoémation has been gen-
erated concerning the toxicity and potential carcinogenicity of the
two organochlorine pesticides aldrin and dieldrin. These two pes-
ticides are usually considered ‘together since aldrin is readily
expoxidized to dieldrin in the‘environment. Both are acutély toxic
to most forms of life including arthropods, moliuské, inverte-
brates, amiphibians, reptiles, fish, birds, and mammals. Dieldrin
is extremely persistent in the enviromment. By means of biocaccum-
mulation it is concentrated manyfold as it moves up the food chain.

Aldrin and dieidzin are manmade compounds belonging to the
group of cyclodiene insecticides. They are a sub-group of the
chlorinated cyclic hydrocarbon insecticides which include DDT, BHC,
etc. They were manufactured in the United States\by Shell Chemical
Company until the U.S. EPA prohibited their manufacture in 1974 (39
FR 37246) under the Federal Insecticide, Fungicide and Rodenticide
Act. They are currently manufactured by Shell Chemical Cbmpany in-
Holland. Prior to 1974, both insecticides were available in the
United States in various formulations for broad-spectrum insect
control. They were used for control of soil pests and grass-
hoppers, protgction.of vegetables and fruits, and control of dis-
ease vectors including locusts and termites (Int. Agency Res. Can-
cer, 1974a,b). In 1974, the U.S. EPA restricted the use of al-
drin/dieldrin to termite control by direct soil injection and non-

food seed and plant treatment.



Eaily work by Treon and Cleveland (1955) suggested that aldrin
and dieldrin may have tumor-inducihg potenti?l, esp;cially in the
liver. Since that time, several conflicting reports of the hepato-
carcinogenicity in mice, rats, aﬁa dogs have appeared in litera-
ture., Studies have been carried out méinly by the U.S. Food and
Drug Administ:atiqn, the National éancer Institute (NCI), and by
the manufacturer, Shell Chémical Company. There has been much
debate over the type and significance of hepatic damage caused by
aldrin and dieldrin. 1In order to ascertain the human risks asso-
‘ciated with aldrin and dieldrin, evaluations of the toxic effects
of these pesticides have been carried out on workers in the Shell
Chemical Company. The evaluations include epidemiological studies
in additién to the more routine toxicity studies. However, it is
felt that the number of workers with high exposures was too small
and the time interval too short to determine whether or not aldrin
and dieldrin represent a cancer threat to humans.

The objective of this report is to examine published studies
S0 as to utilize the most relevant data to develop a criterion for
human risk assessment. .

EXPOSURE

Exposure to aldrin and dieldrin is from'contaminated waters,
food products, and air. Because of its persistence, dieldrin has
become widespread in the aquatic environmeht. It is also spread
great distances by wind. Since aldrin and dieldrin are used
throughout much of the world beyond the United States, it must be
assumed that imported food stuffs, such as meat products, contain

residues of these pesticides.



Use of aldrin and dieldrin peaked at 19.3 million 1lbs. in
1966, and 3.6 million in 1956, respectively (39 FR 37251). The
subsequent decline in dieldrin use was due;tin %att, to increased
resistance of boll weevils to chlorinated insecticides (Table 1).
The use of dieldrin was preferred to aldrin because it required
less application due to its persistence.

Ingestion ftom water

Aldrin and dieldrin have been applied to vast #reas of agri-
cultural land and aquatic areas in the United States and in most
parts of the world. These pesticides have the%efore found their
way into most fresh and marine waters. Unlike DDT, aldrin and
dieldrin are somewhat more soluble in water (27 and 186 mg/l, re-
spectively) (Park and Bruce, -1968). Gunéher, et al. (1968) report-
ed dieldrin to be slightly more soluble at 250 mg/l.

In early studies (Weaver, et al. 1965), dieldrin was found in
all major river b;sins (mean concentration 7.5 ng/l) in the United
States and it was found‘mﬁre often thanzany other pesticide. 1t wvas
also found in the Mississippi delta (U.S. Dep. Agric., 1966) at
10.0 ng/l while aldrin was found as high as 30 ng/l. Marigold and
Schulze (1969) reported aldrin and dieldrin at 40 and 70 ng/1,
respectively, in streams'in the westeén United Statés. Leichten-
berg, et al. (1970) found levels of dieldrin and aldrin as high as
114 and 407 ng/l, respectively, in surface waters in the United
States.

More recently, dieldrin has been reported to be.ptesent in

many fresh waters in the United States with mean concentrations



TABLE 1

Domestic Sales of Aldrin and Dieldrin

From 1950 Through July 1, 1974"

Aldrin Dieldrin

Tear (1,000 1bs) (1,000 lbs)
1950 1,456 0
1951 3,288 185
1952 814 750
1953 - 1,234 1,135
1954 2,993 1,777
1955 4,372 2,585
1956 6,495 8,635
1957 2,431 2,673
1958 4,971 3,074
1959 5,566 3,008
1960 8,109 2,650
1961 9,926 2,764,
1962 10,886 2,990
1963 12,152 2,685
1964 12,693 2,052
1965 14,278 1,814
1966 19,327 1,908
1967 18,092 1,478
1968 13,690 1,332
1969 9,902 1,206
1870 8,909 749
1971 11,615 705
1972 11,868 740
1973 (to July 1) 8,721 432
1973 estimated (to Dec. 31) (10,000) (576)
1973 9,900 9 ~c-c--
1974 (to July 1) 9,700 @  eeee--

*
Source: 39 FR, 1974



ranginé from 5 to 395 ng/l in surface water and from 1 to 7 pg/l in
drinking water (Epstein, 1976).

In 1975 a survey in the United States of aldrin, dieldrin,
DDT, and DDT metabolite levels in raw and drinking water was car-

ried out (U.S. EPA, 1976). Dieldrin was found in 117 of 715 samples .

- analyzed (Table 2). The six samples in the highest range were all

taken from the same location, three from raw waters and threé from
finished waters. Three of these six samples also contained aldrin
in concentration of 15 to 18 ng/l. .

Harris, et al. (1977) summarized the distribution of various
chemicals in drinking water in several cities in the United States.
Dieldrin was found in concentrations of 1 ng/l in Seattlg, Washing-
ton, and Cincinnati, Ohio; 2 ng/l in Miami, Florida, and 6ttumwa,
Iowa; and as high as 50 ng/l in New Orleans, Louisiana.

It has been estimated (MacKay and Wolkoff, 1973) that unlike
many chlorinated hydrocarbons that evaporate rapidly from shallow
waters, dieldrin has by far the longest half-life of these cBm-
pounds in water 1 meter in depth. They calculated that the half-
life for aldrin and dieldrin would be 10.1 days and 723 days, re-
spectively, compared to 3.5 days for DDT and 289 days for lindane.
This long half-life in water combined with the potential for bio-
concentration by aquatic organisms such as microbrganisms, phy to-
plankton, mollusks, and fish further enhances the hazard of these
two pesticides (Wurster, 1971).

Ingestion from Food

Although aldrin is readily converted to dieldrin, dieldrin

itself is stable and persistent in the environment. Because it is



TABLE 2

*
Dieldrin Concentrations in Raw and Drinking Water

No. of Samples 598 94 13 4 6
ng/1 4 4-10 11-20 21-29 56-110

. )
Source: U.,S, EPA., 1976



lipophilic,dieldrin accumulates in the food chain (Wurster, 1971).
The persistence of aldrin and dieldrin in different ‘soils varies
with the type of soil and with movement to other areas by water,
"wind, etc. (Matsumura and Boush, 1967). Dieldrin has been shown to
be one of the most persistent of all the organochlorine pesticides
(Nash and Woolson, 1967).. o "

It has been estimated that 99.5 percent of all human béings'in
the United States have dieldrin residues in their tissues (U.S.
EPA, 1971). Although there are other origins of contamination,
these residue levels are mainly due to contamination of foods of
animal origin (Wurster, 1971). .The levels of aldrin/dieldrin in
several types of food have been summarized by Edwards (1973),
Matsumura (1974), and Manske and Johnson (1975). The overall con-
centration of dieldrin in the diet in the United States.has been
calculated to be approximately 43 ng/g of food consumed (Epstein,
1976). Table 3 lists the estimated daily dietary intake for ald;in
" -and dieldrin of a late teen-aged male (National Academy of Sciences
(NAS), 1975).

A bioconcentration factor (BCF) relates the concentration of a
chemical in aquatic animals to the concentration in the water in
wﬁich they live. The steady-state BCFs for a lipid-soluble com-
pound in the tissues of various agquatic animals seem to be propor-
tional to the percent lipid in the tissue.  Thus, the per capita
ingestion of a lipid-soluble chemical can be estimated from the per
capita consumption of f£ish and shellfish, the weiéhted~avetage per-
cent lipids of consumed fish and shellfish, and a steady-state BCF

for the chemical.



- R

TABLE 3

Estimated baily Dietary Intake (mg) of a Young Male*

1965 1966 1967 1968 1969 1970
Aldrin 0.001 0.002 0.001 trace trace trace
Dieldrin 0.005 0.007 0.001 0.004 0.005 0.005

*Source: NAS, 1975



Data from a recent survey on fish and shellfish consumption in
the United States were analyzed by SRI International (U.S; EPA,
1980). These data were used to estimate that: the per capita cén-
sumption of freshwater and estuarine fish and shellfish in the

United States is 6.5 g/day (Stephan, 1980). 1In addition, these

.. data were used with data on the fat content of the edible portion of

1

the same species to estimate that the weightéd average percent
lipids fdr consumed freshwater and estuarine fish and shellfish is
3.0 percent. |

Two laboratory studies, in which percent lipids and a steady-
étate BCF were measured, have been conducted on dieldrin. The mean
of the BCF values, after normalization to one percent lipids, is
1,557 (see Table 5 in Section B). An adjustment factor 6f 3 can be
used to adjust the mean norhalized BCF to the 3.0 percent lipids
that is the weighted average for consvumed fish and .shellfish.
Thus, the weighted average bioconcentration factor for dieldrin and
the edible portion of all freshwater and estuarine aquatic orgén-
isms consumed by Americans is calculated to be 4,670.

No useful measured bioconcentration factor can be obtained for
aldrin because it is rapidly converted to dieldrin by aquatic or-
ganisms. In addition, because aldrin is converted to dieldrin in
soil, aquatic organisms are rarely exposed to aldrin.

However, the equation "Log BCF = (0.85 Log P) - 0.70" can be -
used (Veith, et al. 1979) to estimate the BCF for agquatic organisms
that contain about 7.6 percent lipids (Veith, 1980) from the
octanol-water partition coefficient (P). Based én a measured

log P value of 3.01 (Hansch and Leo, 1979), the steady-state



biocon-cent:ation factor for aldrin- is estimated to be 72. An
adjustment factor of 3.0/7.6 = 0.395 can be used to adjust the es-
timated BCP from the 7.6 percent lipids on vwhich the equation is
based to the 3.0 percent lipids that is the weighted average for
consumed fish .and shellfish. Thus, the weighted average bioconcen-
tration factor for aldrin and the edible portion of all freshwater
and estuarine aquatic organisms consumed by Americans is calculated
to be 72 x 0.395 = 28. '

Inhalation

Aldrin and dieldrin enter the air through various mechanisms
such as spraying, wind action, water evaporation, and adhesion to
particulates. Stanley, et al. (1971) reported levels of aldrin and
dieldrin in air samples in nine cities in the United States. One
sample of the air in Iowa City, Iowa had detectable levels of al-
drin (8.0 ng/m3), and 50 samples taken in Orlando, Florida had de-
tectable amounts of dieldrin, the largest being 29.7 ng/m3. vari-
ous other studies.of the air carried out during the 1960's Qere
summarized by Edwards (1973).

In a study conducted by the U.S. EPA from 1970 to 1972
. (Epstein, 1976), dieldrin was found in more than 85 percent of the
air samples tested. The mean levels ranged from 1 to 2.8 ng/m3.
From these levels, the average daily intake of dieldrin by respira-
tion was calculated to be 0.035 to 0.098 Bg.

Altﬁough aldrin/dieldrin are no longer used in the United
States, there is still the possibility of air SOrne contamination
from other parts of the world. Edwards (1973) showed that dieldrin

has been transported long distances in the air. Exposure due to
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inhalation of aldrin and dieldrin from the application of these
pestioides vas, of course, muoh greater before the restriction of
tﬁeir use. Pesticide applicators and individuals living. near agri-
cultural areas vere exposed. to aldrin/dieldrin through inhalation.

Io a recent report, Domanski, et al. (1977) reported no in-
creagse in dieldrin concentration in adibose tissue_of cigarette
smokers as comparedito‘nonsmokets although tobacco has high resi-
dues of pesticides and is stored many years before use.
Dermal |

Dermal exposure to aldrin or dieldrin is iimited to those
involved in manufacturing or application of these pesticides.
Wolfe, et al. (1972) reported that exposure to workers, both manu-
facturers and applicators, was mainly through dermal absorption
rather than from inhalation. Due to the ban on manufacturing of
the pesticides in the United States, the possibilities of dermal
exposure have been greatly reduced.

PHARMACOKINETICS

Absorption

Heath and Vandekar (1964), using 36Cl-dieldrin (4 percent in
araohis oil) showéd that absorption by the upper part of the gas-
troinestinal troct begins almost immediately after oral administra-
tion in rats and that the absorption varies'with the solvent used.
Barnes and Heath (1964) demonstrated that tbo LDg varies with the
dieldrin-to-solvent ratio. Heath and Vandekar (1964) also demon-
strated that absorption is by the portal vein and not the thoracic
lymph duct. Initially, dieldrin is widespread buﬁ within a few

hours it is redistributed in favor of the fat. They also stated
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that féllowing.oral treatment at 25 mg/kg, 36c1-diéldrin could be
recovered from the stomach, small intestine, lafge intestine, and

feces after 1 hour. :

Distribution

It is well known that dieldrin has a low solubility in water
and a high solubility in fat. At 1 and 2 hours after treatment,
Heath and Qandekar (1964) detected the highest concentration of
3601-dieldtin in fat tissue. They also reported high concentra-
tions in the liver and kidney with moderate concentrations in the
brain at thesé times. |

Deichmann, et al.(1968) studied the retention of dieldrin in
blood, liver, and fat. Female Osborne-Mendel rats were fed a diet
containing 50 mg/kg dieldrin (87 percent purity). The rats were
killed on various days of feeding up to 183 days. The concentra-
tion of dieldrin in the blood and liver increased for nine days and
then leveled off until the end of the six-month period. The con-
centration of dieldrin in the fat took approximately 16 days.to
reach a level that was maintained throughout the experiment. The
fat had the highest concentrations of dieldrin followed by the
liver. The mean concentration in the fat was 474 times that in the
bldo&, while the concentration in the liver was approximately 29
times the blood concentration. ‘

Walker, et al. (1969) studied the distribution of dieldrin in-
rats and'dogs over a twb-year period. Dieldrin (99 percent purity)
was incorporated into the diet of CFE male and female rats at
0.1, 1.0, and 10 mg/kg and was fed to dogs in gelatin capsules at

concentrations equivalent to 0.1 and 1.0 mg/kg of their daily
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dietary intake. The authors measured the dieldrin residues in
'_whole blood, fat, liver, and brain and found significantly in- -
creased concentrations in all tissues compa;ed:to those in the con-
~ trols (Table 4).

The concentrations in the tissues increased with an increase
in the dietary concentrations, and the concentrations in the fehale
rats were considerably higher than those in the males. The diel-
drin concentrations reached a blateau by the end of thé é6th month
and remained fairly constant for the remaining 18 months._

In dogs, the blood concentrations increased in both treatment
groups during the first 12 weeks. With the higher dose (1.0
mg/kg/diet) the concentration leveled off between 18 and 30 weeks
of treatment. However, with the lower dose (0.1 mg/kg/diet) the
plateau was reached beiween 12 and 18 weeks. 1In the. group receiv-
ing 1.0 mg/kg/diet the dieldrin concentration in the blood in-
creased significangly during the final 6 weeks of exposure. The
dieldrin concentrations in the liver and brain were also dose-
related but, as qpposed to the results from the rats, showed no
significanttsex differences. As in other studies, the concentra-
tion in the fat was much greater than that in the liver, which in
tﬁrn, was greater than in the brain.

Additional studies on the distribution of dieldrin were car-
ried 6ut by Rébinson, et al. (1969). 1In this study Carworth rats
were fed dieldrin (99+ percent purity) at 10 mg/kg of ﬁhéir diet
for 8 weeks. At the end of this time, they were returnéd to a diel-
drin-free diet and killed randomly in pairs up to 12 weeks after

withdrawal of the dieldrin diet. The fatty tissue clearly had the
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TABLE 4

Mean Geometric Dieldrin Concentration (ug/g)
in Rat Tissues after 104 weeks*

Dietary

Level (mg/kg) Blood Pat Liver Brain
Males 0 0.0009 0.0598 . 0.0059 0.0020
0.1 0.0021 0.02594 0.0159 0.0069
1.0 0.0312 , 1.493 0.01552 0.1040
10.0 0.1472 19.72 1.476 0.4319

Females 0 0.0015 0.3112 - 0.0112 0.0077
0.1 0.0065 0.8974 0.0348 0.0224

1.0 0.0861 13.90 0.4295 0.2891

10.0 0.3954 57.81 2.965 1.130

*Source: Walker, et al. 1969



highest concentration of dieldrin followed by the liver, brain, and
.blood. Concentrations of dieldfin in fat returned té control lev-~
els after 12 weeks and the decline in digldrin.concenttétions vas
_‘approximately exponential in nature.
Matthews, et al. (1971) investigated the distribution of diel-
-drin and some of its metabolites in several organs and tissues of
“both male and female Charles Rivgr rats. Three animals of each sex
were fasted for eight hours and then given 3 g of féod containing

10 mg/kg 14

C-dieldrin (96 percent purity). The gnimals were killed
after nine days, and dieldrin and metabolic product concentrations
"were determined. 1In genezal; the amount of radiocactivity per gram
i:was higher for the female rats. The kidneys and stomachs of the
" males contaihed more radioactivity than those of the females. Lev-
“els in the lungs and intestines showed similar differences. The
other organs and tissues of the females had three to four times the
radioactivity of the males. 1In the females, storage was predomi-

" nantly as dieldrin, but in males other metabolites, idéntified as
keto dieldrin, and trans-dihydro-aidtin, and a polar metabolite

were detected in various gissues.
Hayes (1974) determined the concentration of dieldrin in the
fat,'iiver, kidney, brain, muscle, and plasma following a'single
‘* oral dose in rats. Male Sprague-Dawley rats were given 10 mg/kg
" dieldrin (86 percent purity) by stomach tube. The animals were
killed at various intervals up to 240 hours and the dieldrin con-
centration in the tissues was determined. The concentrations in
the brain at 4 and 16 hours were 1.5 and 1.0 ng/g, respectively.

Hayes assigned a value of one to the concentrations in the brain



and calculated the ratio of the concentrations in other tissues to
the concentrations in the brain at 4 and 16 hours (fable S). ‘The
concentrations in the tissués remained relatively const;nt for 24
hours and began to decline ﬁt 48 hours. No further samples were
taken until 240 hours when all the dieldrin concentrations were
below 0.2 ung/g except the concentration in the fat which was

5 ng/g. .
In a study done in 1963 on 30 individuals from three different

states, the concentrations of chlorinated hydrocarbon pesticides in

body fat were detefmined (Dale and Quinby, 1963). Twenty-eight
individuals were from the general population while one had previous
DDT exposure and one had aldrin exposure. The mean (:SE) for the
general population was 0.15 % 0.02 ng/g dieldrin, while that for
the aldrin-exposed individual was 0.36 pg/g dieldrin (see discus-
sion on aldrin metabolism to dieldrin in the Metabolism section of
this report).

In a study of aldrin and dieldrin concentrations in 71 workers
involved in pesticide manufacturing, Hayes and Curley (1968) mea-
sured the plasma, fat, and urine concentrations by gas-liquid
chromatography. "Their findings were in accordance with the earlier
animal studies. The fat contained the highest concentration of the
pesticides followed by the urine and plasma. The mean concentra-
tions of dieldrin in the fat, urine, and piasma of the pesticide
workers were 5.67 + 1.11, 0.0242 + 0.0063, and 0.0185 + 0.0019
ug/g, respectively. These veré significantly different from those
reported for the general population. The authors reported a high

correlation between total hours or intensity of exposure and
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TABLE 5

Concentrations of Dieldrin in Tissues of Rats®
(Single Oral Dose)

Hr. Brain Muscle Liver Kidney . Plasma ' - Pat
4 1.00 + 0 0.62 + 0.05 2.30 + 0.11 1.55 + 0.22 0.20 + 0.02 7.20 + 1.18
16 1.00 + 0 0.55 + 0.06 3.17 + 0.25 2.02 + 0.56 1.35 + 1.11 17.96 + 3.23

p— -—

*Source: Hayes, 1974



conceqtratiod of dieldrin. However, no correlation could be found
between dieldrin concentrations and amount of sick leave.

Another study (Hunter, .et al. 1969) invblving adult males
ingesting 10, 50, or 211 ug dieldrin per day ' for 18 or- 24 months,.
again found a relationship between the dose and the length of expo-
sure and concentration of dieldrin in the fat and blood. 1In gen-
eral, the concentration of dieldrin in the samples increased during
the first 18 months and either leveled off or rose slightly during
the rem&ining time. The conﬁ:ol and 10 ug groups, both of which
vere given 211 ug/day for the final 6 months, demonstrated a rise
in concentrations similar to the rise demonstrated by those who
were given 211 upg/day initially. The authors stated that there was
no effect on the general health of the individuals receiving the
dieldrin for the two-year test.

In the previously-mentioned studies, blood concentrations of
aldrin or dieldrin were determined using whole blood (Deichmann, et
al. 1968; Robinson, et al. 1969; Hunter, et al. 1969; Walker, et
al. 1969), or plasma (Hayes and Curley, 1968). ‘Mick, et al. (1971)
measured the aldrin and dieldrin concentrations in erythrocytes,
plasma, and the alpha- and beta-lipoprotein fractions of the blood
of six aldrin workers after the workers had formulated 2 million
pounds of aldrin over a five-week period. The six workers were
exposed to aldrin by both inhalation and dermal contact. The blood
samples were collected at the conclusion of the five-week exposure
and blood plasma concentrations as high as 312 ng/l were measured.
No immediate health problems were reported during this time. In

all cases, dieldrin concentrations were higher than the aldrin
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concentrations due to the epoxidation of aldrin to dizldzin. The
dieldrin.residue in the plasma averaged approximately four times
'higher than that in the erythrocytes. As the Qieldﬁih residne_in
the blecod increased, the amount in the plasma beéame propﬁ:tionally
higher. 1In addition, the beta-lipoprotein fraction usually con-
tained more dieldrin than the alpha fraction. |
The work of Mick, et al. (1971) was confirmed in part by
bSkalsky and Guthrie (1978). Using labelled pesticides of §8 per-~
cent purity incubated with various fractions of bﬁman blood in
giigg Skalsky and Guthrie (1978) wére able to demonstrate that
dieldrin and DDT bind to albumin and beta-lipoprotein.

. Metabolism

Aldrip and its epoxidation product, dieldrin, are bot§ cyclo-
pent#diene insecticides. Since epoxidation of aldrin to dieldrin
was first reported by Radomski and Davidow (1953), there have been
many reports in the literature of the ability of various organisms
'(i.e., soil microorganisms, plants, fish, and animals, including
:man) to epoxidize this type of double bond. Winteringham and
Barnes (1955) first reported this reaction with aldrin in mice.
Wong and Terriere (1965) were able to demonstrate the in vitro con-

1 from

version of aldrin to its epoxide, dieldrin, using microsomes
male and female rats. The reaction was NADPH-dependent and the
enzymes we?e heat-labile. Winteringham and Barnes (1955) also
. showed that males converted aldrin to dieldrin at a higher rate.
No othgr metabolic products were detected, although the authors
1In this document microsomes refers to the cell-free homogenized

liver (including soluble enzymes and microsomes) and not to puri-
fied microsomes.
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noted that polar products could have been overloocked by ¢he methods
used. Nakatsugawa, et al. (1965) confirmed the work of Wong and
Terriere (1965) using microsomes from male rats and tibbits. They
also demonstrated a requirement for NADPH a;d stated that dieldrin
wvas not further metabolized by the microsomes. They reported that
lung homogenate was only one-tenth as active as liver in.epoxidase
activity and th;t no activity was detected in the kidney, spleen,
pancreas, heart, or brain. |

Rorte (1963) identified one of the metabolic products of al-
drin as aldrin diol in studies with rabbits. BHeath and vVandekar
(1964) reported the ‘existence of a somewhat polar metabolite which
is excreted in the feces. They stated that the feces are the main
route of excretion and that little dieldrin is excreted unchanged.
They were able to detect other polar metabolites in both urine and
feces.

d 14C~aldrin to male rats at

Ludwig, et al. (1964) administere
4.3 ng/day for three months. The compounds excreted into the urine
consisted of aldrin, dieldrin, and unidentified hydrophilic me ta-
bolic products. These unidentified products made up 75 percent of
the dose excreted in the feces and 95 percent excreted in the
urine. Two different products were found in the feces and two in
the urine. Two of these four products appeared to be identical by
paper and thin-layér chromatography.

Rorte and Arent (1965) isolated six urinary metabolites from
rabbits treated orally with 14C-dieldtin for 21 weeks. The major

metabolite (86 percent) was one of the two enantiomoiphic isomers

of 6,7-trans-dihydroxy-dihydro-aldrin.
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Riéhardson,‘et al. 11968) were able‘to identify two me;abo-
.lites in ﬁ:ine aﬁd feces from male CF rats fed a diet éOntaining 100
mg/kg dieldrin for seven montﬁs. Metabolites:;were isolated fréh
the urine and feces collected during the last month. They deter-
mined that the urinary metabolite had a keto group on the number 12
carbon and the epﬁxide was unchanged. The fecal metabolite was a
mono-hydroxyderivative of dieldrin at either the 4a or 4 position.
A similar study was carried out (Matthews and Matsumura, 1969) in
vhich male rats were fed a diet of 20 mg/kg purified dieldrin for
one month, with the dosage increased to 100 mg/kg fof 18 days while
the urine and feces were collected. Two metabolites were isolated’
from the feces and two from the urine. The major fecal metabolite
was similar to the mono-hydroxy-derivative isolated by Richardson,
et al. (1968) in the feces. The major urinary metabolite was iden-
tical to the ketone compound identified by Richardson, et al.
(1968) in the urine. The minor urinary and fecal metabolites were
.identical and simi;ar to the 6,7-trans-dihyd:oxy-dihydro-aldrih
described by Rorte and Arent (1965).

Matthews and Matsumura (1969) also conducted in vitro experi-

14C-dieldrin incubated with rat liver microsomes and

ments using
" various co-factors. Thin-layer chromatography of the water-soluble
components isolated six metabolites in addition to the unchanged
dieldrin. Analysis of the water-soluble megébolites revealed a
glucuronide conjugate which accounted for approximately 45 percent
of the radioactivity. Comparison of the Ry values for the iﬁ vivo

and in vitro studies showed that the minor urinary/fecal metabolite

(i.e., the 6,7-trans-dihydroxy-dihydro-aldrin) was produced in



s
vitro and that the metabolite freed from the glucuronic acid was

also present innthe in vitro system in the unconjugated form.

The products identified by Richardson, et all (1968) and
Matthews and Matsumura (1969f represent an oxiéized fo:ﬁ of diel-
drin in the urine'and feces and a hydroxylated dechlorination meta-
bolite which had lost the intact dieldrin ring system.

Hedde, et al. (1970) were able to isolate six metabolic pro-
" ducts in the urine of sheep dosed with 14c-dieldrin. Three cas-
trated sheep were given dnlibeled dieldrin orally at 2 mg/kg/day
. for five days befo;e dosing with 14C-dieldx:in. Four other sheép
were fed a single oral dose of labeled dieldrin at 20 mg/kg/day.
Urine and feces were collected up to six days after treatment with
the labeled dieldrin. Although other determinations were made,
only the urine was analyzed gquantitatively. After hexane extrac-
tion at pH 1 followed by other clean-up procedures, thg four
hexane-soluble metabolites were separated on Sephadex LE-20 gel.
The LH-20 was again used to separate the two water soluble metabol-
ites after they were purified by several procedures, including
paper chromatography. The authors postulated that these water-
soluble metabolites were a glucuronic acid conjugate of the trans-
diol and an unidentified conjugate of glucuronic acid and, possi-
bly, glycine.

Feil, et al. (1970) were able to identify two of the hexane-
soluble metabolites found by Hedde, et al. (1970) in sheep urine.
One was the 6,7-trans-dihydroxy-dihydro-aldrin described by
Richardson, et al (1968) and the other was the 9-mono-hydroxy-

derivative. Further work on the metabolism of dieldrin (Matthews,
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et al. {1971) is discussed in the Distribution .section of this re-
port wvhere details of treatment are given. Matthewsi:et al. docm:
mented the production of several metabolites of dieldrin including
the 6,7-¢:ans-dihydtoxy-dihydro-aldtin and a secondvunidentified
polar metabolite excreted in ﬁhe feces. The mono-hydroxylated com-
pound represented the greatest percentage of éhe radioactivity
.extracted from the feces of both male and £emalg rats. In.male
. rats, the chloroform extract of the urine consisted of the keto-
metabolite describgd by Klein, et al. (1968). Also, initially,
trans-dihydroxy-dihydro-alQrin was found in the urihe of the male
rats along with unchanged dieldrin. Most of the radioactivity
. extracted from the urine of the female rats was in the form of the
* trans-dihydroxy-dihydro-aldrin, and ini:ially contained up to 20
percent dieldrin. '
| The metabolism and exézetion of dieldrin appears to be more
rapid in male than in female rats. Investigators attribute this to
the males' ability to produce the more polar metabolites, especial-
- 1y the kéto-product which is excreted into the urine.

A recent paper has appeared on the comparative metabolism of
dieldrin in rodents. Baldwin, et al. (1972) treated a male CFE rat

with 3 mg/kg of 14

C-labelled dieldrin and two male CFl mice with 10
mg/kg. The urine and feces weie collected for the.féllowing seven
.or eight days. The authors reported that the CFE rat excreted the
pentachloroketone derivative in the urine but ﬁhat the CFl mice did
not. Conversely, the mice produced an unidentified urinary metabo-

lite which the rat did not. The 6,7-trans-dihydroxy-dihydro-aldrin
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was found in thg feces of the mice and the rat, and a dicarboxylic
derivative was found in the urine of all three anima;s.

A review of the literatﬁre on the metabolism of dieldrin and -
endrin in rodents has been compiled by Bedford and Hutson (1976).
They summarized the four known metabolic products of dieldrin as
the 6,7-trans-dihydroxy-dihydro-aldrin (trans-diol) and the tri-
cyclic dicarboxylic acié.(both'of which are products of the trans-
formation of the epoxy group), the syn-l2-hydroxy-dieldrin (a mono-
hydro-derivative), and the pentachloroketone.

In comparing dieldrin metabolism in acute or short-term stud-
ies versus chéonic, low-dose exposure, it must be mentioned that
organochlorine compounds, including dieldrin, have been shown to
induce the mixed function oxidases (MFO) found in the liver (Kohli,
et al. 1977). 1t is therefore possible, in the long-term animal
studies, that investigators have been observing the results of high
levels of these enzymes and that the percentages and amounts of
certain metabolites may be misleading. Baldwin, et al. (1972) in a
limited study, were able to show some inducibility in the CFE male
rat but not in the CFl male mouse. They induced the enzymes by
prefeeding the animals for 21 days with low doses (i.e., 10 or 25
mg/kg in diet) of dieldrin. 1If the results of the Kohli, et al.
study are to be accepted, then one may assume that since man is sub-
ject to chronic, low-dose exposure to many‘MFo inducers (including
various organochlorine pesticides), this exposure may affect stud-

ies of dieldrin metabolism.
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Excretion , | ‘ | s

A: mentioned in the Distribution and Metabolism sections of
this report, al&zin and/or digldrin are excreted mainly in the
feces and to some extent in the urine in the form bf several metabo-
lites that are more polar than the parent compounds. USﬁally, a
plateau is reached in most tissues when the dose is held relatively
constant. However, if the dosage increases, the boéy concentra-
~ tions will increase and vice versa. o
| The early work of Ludwig, et al. (1964) demonstrated that male
Wistar rats administered daily low doses of l‘c-labeled aldrin (4.3
ug for 12 weeks) excreted approximately nine times as much of the
radiocactivity in the feces as in the urine. After about two weeks
gf treatment, the rats were excreting 80 percent of the daily dose
of aldrin and this increased to 100 percent after eight weeks.
Twenty-four hours after the final dose (12 weeks), the animals had
excreted 88 percent of the total radioactivity fed. This increased
to 98 percent after six weeks and greater than 99 percent after 12
weeks. It appears that after eight weeks of feeding aldrin, a
éaturation level was attained which did not increase with continued
feeding at the same concentration. The concentrations in the body
decreased rapidly once the feeding was terminated.

In a study with rabbits administered 14C-dieldriﬁ orally over
a 2l-week period (total dose 56 to 58 mg/kg), Korte and Arent
(i965) reported somewhat conflicting results. . At the end of the
feeding (22nd week) 42 percent of the total radiocactivity had been

excreted with two to three times as much in the urine as in the



feces. The level in the feces w#s negligible after 24" weeks while
the amount in the urine was ub to 43 percent at 52 yeeks.

It must be kept in mind that aldrin is mgtaboliéed ﬁo dieldrin
which is then converted to more polar metabélites for excretion.
It is possible that the increased amount of radiocactivity noted by
Korte and Arent (1965) in the feces after treatment with aldrin
could be due to the less polar aldrin or dieldrin as éompared to the
more polar metabolites excreted in the urine or to a basic differ-
ence in metabolism of dieldrin in the rabbit. |

The work of Robinson, et al. (1969) on the metabolism of diel-
drin has been sumﬁarized in the Metabolism section of this report.
These investigators also studied the loss of dieldrin (99+ percent
purity) from the liver, blood, brain, and adipose tissue of male
CFE rats fed 10 mg/kg in their diet for eight weeks. Figure 1l il-
lustrates the loss of dieldrin from these tissues. During the per-
iod of observation, approximately 99 percent of the dieldrin was
excreted at various rates from the tissues. However, it must be
noted that the analysis was performed by gas~liguid chromatography -
and that later investigators (Métthews, et al. 1971) have found
liver can contain approximately 30 percent of products other than
dieldrin, a fact which may have been overlooked by Robinson, et al.
(1969). The fat and brain contained greatet'than 99 percent of the
dieldrin and the excretion times correspond to those for the rat
observed by Korte and Arent (1965) in their work six years earlier.

It can be seen from Figure 1 that three of the four slopes for
dieldrin loss were not linear and that with the blood and liver,

loss was rapid at first and then slowed down. Estimates for the
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half-life of dieldrin in the liver and blood were 1.3 8ays for the
period of rapid elimination and 10.2 days for the slower period.
The estimated half-life for dieldrin was 10.3 days'in the adipose
tissue and 3.0 days in the braint -

In the study of 14c-dieldtin metabolism in sheeb (Hedde, et
al. 1970) mentioned in the'Metholish section of this report, the
excretion of dieldrin or its metabolites was higher in the feces
than in the urine. This ratio varied considerable due partially to
the different doses used. The authors noted that in two very fat
sheep the ratio of labelled dieldrin in feces to urine was greater
than 10 to 1 but in two thin sheep receiving ghe same dose, it was
slightly greater than 1 to 1. The amount of radiocactivity that was
exhaled as 14c02 was only 0.25 percent of the total dose. This
indicates that virtually none of the dieldrin is broken down to
Co,. With the sheep, less than 50 percent of the total radiocactiv~-
ity was recovered after the five or six days of collection.

Several investiggtors have shown that removal of dieldrin from
the diet results in rapid loss of dieldrin or metabolites Eroﬁ the
body, especially the adipose tissue. Bar-on and Walton (1971) fur-
ther studied the  loss of dieldrin from the body of the rat and also
looked at the role of dieldrin ip the diet with respect to loss from
the adipose tissue. fo: this study, male Osborne-Mendel rats were
fed a diet containing 25 mg/kg dieldrin (99+ percent purity) for 8
weeks. They were then placed on a normal diet and given four daily,

oral doses of 14

C~dieldrin equivalent to 25 mg/kg in their diet,
After these four days, one-half of the animals were then returned

to the dieldrin diet (25 mg/kg) while the rest remained on the
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normal diet. Groups of five animals vere sacrificed on the four
.days when they received the labeled-dieldrin and on di}s 7, 9, 11,
16,.and 23 after the conclusion of the eight-week feeding. The
concentration of dieldrin found in the adipose tissue from the rats
receiving the dieldrin diet was approximately 50 ug/g and remained
at this level tﬁrbughout thé 23 days following the feeding period.
‘TPhe concentrations in the rats on the normal diet decreased to 4
ug/g at day 23. The authors reported that the half-life of diel-
drin in the adiposé tissue was about 4.5 days, which is somewhat
lower than the 10;3 déys calculated by Robinson, et al. (1969) with
‘rats fed only 10 mg/kg dieldrin.

Cole, et al. (1970) measured the appearance of 14

Cfdieldrin
and 14C-endrin in the urine and feces of male Holtzman rats for
seven days after a single intravenous dose of 0.25 mg/kg of either
chemical. They reported that greater than 90 percent of the radio-
activity occured in the feces. Approximately 80 percent of the
total dose -of labeled dieldrin was excreted in the feces after the
seven days, compared with approximately 100 percent for the endrin.
Cole, et al. (1970) conducted a similar experiment during a four-
day period using bile-fistula rats. They also reported that these
ra£5~produced a time course of excretion similar to those observed
in the first experiment; greater than 90 percent of the excreted
radicactivity was found in the bile.

In a cbmpatison of the excrgtion of dieldrin in the CFl mouse
and CFE rat, Baldwin, et al. (1972) found that after seven or eight
days the .amount of labelled dieldrin excreted was similar in both
species. Also, the feces contained approximately two times as much

radioactivity as the urine, and 50 to 70 percent of the total
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activity vas excreted during the collection period. As mentioned

in the Metabolism section of this report, the proportion of metabo-
lites varied between the mouse and the rat. ‘

Although there has been extensive work done on thé metabolism
and excretion of dield:inu;n animals, there is understandably less
known about the fate of dieidtin in.humans. "Early work by Cueto and
Hayes (1962) demonstrated that dieldrin and some of its metabolites
could be detected in the urine of occupationally.exposed workers.
A later report by Cueto and Biros (1967) compared the levels of
dieldrin and othe; chlorinated insecticides in the urine of 5 men
and 5 women in the general population to that of 14 men with differ-
ent degrees of occupational exposure. The concentrations ofldiel-
drin found in the urine of men and women in the general. population
were 0.8 £ 0.2 mg/l, and 1.3 0. mg/l, respectively. The concen-
trations found'in male workers with low, medium, and high degrees
of exposure wvere 5.3 mg/l (5), 13.8 mg/1l (4), and S51.4 mg/l (5),
respectively (numbers in parentheses represent the number of indi-
viduals per sample). The degrees of exposure were only expressed
as relative and no data on the exposures were given.

Hayes and Curley (1968) measured the plasma, fat, and urine
concentration of various chlorinated pesticides in workers with
occupational exposure to these chemicals. 1In 14 urine samples, al-
drin was present at less than 0.2 mg/l and dieldrin was present at
1.3 to 66.0 mg/l. This is compared to the'mean for dieldrin in tﬁe
general population of 0.8 % 0.2 mg/l determined in the same labor-

atory by Cueto and Biros (1967).
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A study by Bunter, et al. (1969) concluded that dieldrin had a
relativel&.long half-life in humans. This compares with a half-
life of less than ten days reported in animal ptudied.' In the
Hunter, et al. study, 12 human volunteers ingested various doses of
dieldrin for up to 24 months. The blood and adipose concentrations
vere determined over this time and the blood levels vere fol;owcd
for eight additional months after termination of the treatment.
T?e authors ruported'that during this period conceut:ations of
dieldrin in the blood of three of the volunteers did not change
significantly. (These concent:ationsvweru not given). In the
other nine subjects, the half-life of dieldrin in the blood ranged
f;om 141 to 592 days with a mean of 369 days. These estimates were
made on a limited number of samples.

Jagez (1970) reported that DeJonge, 1n an unpublished report,
studied the half-life of dieldrin in the blood of 15 aldrin/diel-
drin workers who were transferred to other areas. Prior to trans-
fer, these workers had had high exposures to the pesticides and
concentrations of aldrin/dieldrin in their blood had reached equi-
librium. Measurements of the dieldrin blood concentrations were
taken every six months for three years tollowingdﬁhe transfer. The
mean half-life was 0.73 yearu (approx. 266 days). This is somewhat
in agreement with the estimates of Hunter, et al. (1969) of 369
days based on.limited data.

It has been reported by these and other authors (Robinson, et
al. 1969; walker, et al. 1969) that there is a direct relationship

between the concentration of dieldrin in the blood' and that in
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adipose and other tissues. It seems likely that the half-life in
the blood may reflect the overall half-life in other tissues.
'EFFECTS

Acute, Subacute, and Chronic Toxicity

The acute toxicity of aldrin and dieidrin has been extensively
summarized by Hodge, et al. (1967) and Jager (1970). In many
cases, aldrin and dieldrin areiconsidered similar due to the rapid
conversion of aldrin to dieldrin (see Metabolism section). Diel-
drin, in turn, is metabolized to a variety of more polar products.
In some cases, the toxicity of the metabolites has been compared to
the parent compound but this.information is rather sparse (Soto and
Deichmann, 1967).

After ingestion, aldrin and dieldrin are rapidly absorbed from
the gastro-intestinal tract. Following absorption, the peséicides
are transported from the liver to different sites in the body.
They have been found at various levels in the brain, blood (inclhd-
ing erythrocytes), liver, and especially the adipose tissue (Mick,
et al. 1971; Walker, et al. 1969). In addition, dieldrin has been
shown to cross the placenta to the fetus (Hathaway, et al. 1967).
Hunter, et al. (1969) demonstrated that a relationship between in-
take and storage exists and that a plateaq is maintained in the
tissues unless the dose changes considerably.

It waé shown early that the pesticide¥to-solvent ratio affects
the LDSO {Barnes and Heath, 1964) and that.some variation is caused
by the solvent employed (Heath and Vandekar, 1964). There is a
pronounced variation in £oxicity relaied to routé of administra-

tion. Toxicity is highest by the intravenous route, followed by
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oral, then dermal. This is most likely due to the high blood and
central nervous system concentrations produced ftog intravenous
injection. Oral and dermal toxicity is lower due to lower blood |
concentrations brought about by resorption and storage in adipose
tissue. Por most species the acute oral toxic dose is between 20
"and 70 mg/kg. This includes the rat, mouse, dog, monkey, sheep,
" and man (Hodge, et al. 1967). -

With both aldrin and diéldrin, toxicity in animals appears to
be related to the central neivous system. According to Hodge:

...a characteristic pattern has been described of stimu-

lation, hyperexcitability, hyperactivity, incoordina-

tion, and exaggerated body movement, ultimately leading

to convulsion, depression, and death.

There apparently is a direct correlation between blood concen-
trations and clinical signs of intoxication. Keane, et al. (1969)
reported tha£ in dogs fed daily doses of dieldrin, the first signs
of muscle spasms occurred at 0.38 to 0.50 ug/ml blood and convul-
sions at 0.74 to 0.84 ug/ml. |

The symptoms of intoxication in man are similar to those found
in mice, rats, and dogs. Jager (1970) described the symptoms re-
sulting from oral of dermal exposure that occur from 20 minutes to
24 hours as: |

...headache, dizziness, nausea, general malaise, vomit-

ing, followed later by muscle twitching, myoclonic jerks

and even convulsions. Death may result from anoxemia.
Changes in the electroencephalogram (EEG) usually result after
insecticide intoxication and generally return to normal after dis-

continuance of exposure (Hoogendam, et al. 1962). The transitory
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change in the EZEG has been challgngcd by several investigators (see
Burchfiel, et al. (1976) :or :occn£ sﬁmmary). Work carried out in
Rhesus monkeys (Burchfiel, et il. 1976) using tg;hnicai g;ade diel-
drin (4 mg/kg, i.v. one timq'or 1l mg/kg i.m. administered once a
. vioﬁgtor 10 veeks) demonstrated that dieldrin can alter the EEG for
up to 1 year.

The acute lethal dose of aldrin in man was reported by Jager
(1970) and Hayes (1971) based on the summary of Hodge, et al.
(1967) to be 5 g or 70 mg/kg, respectively. However, Hodge, et al.
. only speculated on possible human toxic effects from a l-year fceé-
ing study ih monkeys. It is known that persons have recovered from
acute oral doses of 26 mg/kg aldrin and 44 mg/kg dieldrin so that
the acute lethal human dose might be somovhgt higher (Bayes, 1971).

The subacute or chzopic toxicity of low doses of aldrin and
dieldrin to mice, rats, dogs and, to some extent, monkeys, has been
reported in many of the carcinogenicity studies included herein.
The resulting effects include shortened life span, increased liver-
to-body weight ratio, various changes in liver histology, and in-
duction of hepatic enzymes. Another effect that has been observed
is teratogenicity (Ottolenghi, et al. 1974).

Some information .is available concerning the subacute or
chronic exposure of humans to aldrin and dieldrin. Based on infor-
mation gained from monitoring workers at the Shell Chemical Com-
pany, Jager (1970) reported that 33.2 ug/kg/éay can be tolerated by
vorkers for up to 15 years. Above this level some individuals may
show signs of intoxication, although others can tolerate two times

this level. 1In another study involving 12 volunteers who ingested
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dieldrin €for up to two years, 3.1 umg/kg/day was tolerated and pro-
duced no increase in plasma alkaline phosphatase activity (Bunter,
et al. 1969).

_Synergism and/or Antagonism

Since.aldrin and dieldrin are metabolized by way of the mixed
function oxidases (MFO), it must be assumed that any inducer or.
inhibitor of these enzymés will affect the metabolism‘of aldrin or
j.dieldrin. Dieldrin and other organochlorine pesticides have been
reported to induce the MFO (Rohli, et al. 1977). Baldwin, et al.
(1972) reported that prefeeding low doses of dieldrin to rats
altered the meéaboiic products produced after acute doSing. Sev-
eral reports have appeared on the combined effect of aldrin or
dieldrin on the storage of DDT in tissues (Street, 1964; Street and
Blau, 1966; Deichmann, et al. 1969).

In the Deichmann, et al. (1969) study when aldrin was given
along with DDT or after a plateau had been reached in the blood and
fat by chrénic DDT feeding. The retention of DDT by the blood and
~ fat increased considerably in the animals given both chemicals as
compared to the animals only given DDT. The authors suggest that
this increase in tissue DDT concentrations is due to a reduced rate
éf excretion of DDT.

Walker, et al. (1972) fed groups of mice 50 or 100 mg/kg/diet
1 DDT or a mixture of S5 mg/kg/diet dieldrin and 50 mg/kg/diet DDT for
) 112 weeks. The highest incidence of tumors w&s in the dieldrin/DDT“
group, although it is difficult to determine whether the effect
between dieldrin and DDT was additive or synergistic.

Cl$rk and Krieger (1976) studied the metabolism and tis-

£ 14

sue accumulation o C-labeled aldrin (99.3 percent purity) in
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combin;tion with an inhibitor of oxidative biotransformation (i.e.,
SKP 525-A). They reported that pretreatment ofAmalé Swiss-Webster
mice with either 50 or 100 mg/kg SKF 525-A significantly increased:
the accumulation of radioactivity in the blood, brain, kidney, and
liver. Thg SKF 525~-A blocked the‘epoxidation of aldrin to diel-
drin. However, the authors did not feel that differences in meta-
bolite formation or excretion alone could account for the increased
accumulation in the tissues.

Teratogenicity

14

In 1967, Bathavay, et al. established that C-dieldrin could

cross the placenta in rabbits. Eliason and Posner (1971la,b) demon-

14c-dieldtin‘ctossed the placenta in the rat and that

strated that
the concentration in the maternal plasma increased as'gestation
progressed. Deichmann (1972) reported that 25 mg/kg/diet aldrin
and dieldrin fed to mice for six generations markedly affected such_
parameters as fertility, gestation, viability, lactation, and sur-
vival of the joung, while mice fed lower doses showed fewer or no
effects.

In a study by Ottolenghi, et al. (1974) pregnant golden ham-
sters and pregnant CD-1 mice were given single oral doses of puri-
fied aldrin, dieldrin, or endrin at one-half the LDg (hamsters 50,
30, 5 mg/kg, and mice 25, 15, 2.5 mg/kg, respectively). The ham-
sters were treated orally on day seven, eight, or nine of gestation
and the'mice on day nine. All three pesticides caused a signifi-
cant increase in fetal death in hamsters treated on days seven and

eight. Only dieldrin gave significant results on day nine. Ham-

gters treated on day eight also had the highest number of anomalies
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{i.e., Open eye, webbed foot, cleft palate, and others). These
increased anomdiies were noted for all three pesticides. The three .
pesticides also reduced the fétal wveight in the ihamsters treated on
the three different days. No significant difference wasvobsetvéd§
in the weight or survival of fetuses of treated and control mice;
~-howevegz, a teratogenic effect was observed in mice for all three
tpesticides. - It was less pronounced in the mice than in the héﬁ%ﬁi
~gters. The author reasoned that the reduced teratogenic effect in
mice may be due to the lower doses used in the mice.

T™wo later stu@ies on the teratogenicity of dieldrin have
reached different conclusions. The studies of Chernbff, et al.
:(1975) and Dix, et al. (1977) both concluded that dieldriﬁ.was né;
1, teratogenic. Chernoff, et al. tested dieldrin (87 percent pﬁrity)
rand the photo-product, photodieldrin (95 percent purity) in CD-1
.mice and CD rats orally at doses lower than those used by Otto-
lenghi, et al. (1974). The actual doses of dieldrin based on 87
-~ percent purity were 1.3, 2.6, and 5.2 mg/kg/day over a ten-day per-
iod (i.e., days 7 to 16 of gestation). The compounds were dis-
solved in peanut oil. The control animals also received peanut
0il. The highest doses of dieldrin produced 41 percent mortality
in rats. 1In mice the highest doses induced significant increases
in liver-to-body weight ratios, reduced the weight gain, and pro-
~duced some fetal toxicity. Photodieldrin at b.s mg/kg/day for 10
-days also induced a significant increase in the 1liver-to-body
weight ratio in rats but caused no fetal toxiéity. However, no
teratogenic effects were observed in the mice or rats at any of the

. doses employed.
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Dix, et al. (1977) -examined the use of two solvents (corn oil
and dimethylsulfoxide (DMSO)) with various doses of-dieldrin 4in CFl
mice. The corn 0il groups received 1.5 otl4.0:mg/kg/day of 99 pe:-:
cent pure dieldrin orally with suitable controls of corn oil or no
ttéatment. The DMSO groups received 0.25, 0.5, or 1.0 mg/kg/day

with similar controls. Both solvent groups were treated on days 6

through 14 of gestation. 1Ia the corn oil group,” young ‘(7-week) ~"

virgin animals were unsed and the pregnancy rate vas very low. With
the few animals that survived to term, the only significant effect
was delayed ossification in fetuses cf the mice administered the 4
mg level. The DMSO experiments were conducted with older animals
(ten weeks) of proven fertility. Petuses of'theSé animals demon-
strated a significant 1ncreasé in incidences of delayed ossifica-
tion and extra ribs. However, ghe DMSO controls also had a high
incidence of these two anomalies. The authors attributed this to
the toxic effect of this solvent. DMSO also produced a reduction
in maternal and fetal body weights whereas the corn o0il did not. No
differences were observed in the mean litter size, number of re-

sorptions, or fetal death with either solvent.

Mutagenicity

l Relatively little work has been done on the mutagenicity of
aldrin or dieldrin. Of -the limited data available, most are con-
cerned with the mutagenicity of dieldrin. This may be sufficient,
since aldrin is readily converted to dieldrin in both in vivo and
in vitro systems. Fahrig (1973) summarized the microbial studies
carried out up to 1973 on aldrin, dieldrin, and other organochlor-

ine pesticides including DDT and the metabolites of DDT. Aldrin
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and dieldrin gave negative results with gene conversion in Sa-
. cchazoniccs cerevisae, back-mutation in Serratia marcescens, for-
vard mutation (Gal R®) in Eschericia gg;i and forward putatioﬁ to "
streptomycin resistance in E. coli. -.It is important to note that

DDT and several of its metabolites also gave negative rgsults in

thoie microbial tests and that no mention of any type of acgivation

. . system (i.e., mammalian liver enzymes) was made .in this summary.

Bidwell, et al. (1975) reported in an abstract that dieldrin
vas not found ﬁo be mutagenic in five strains of Salmonella typh-
imurium with or without the addition of a liver activation system,
‘although the authois did not give dose levels. They also stated
that dieldrin was neg;tive in the host-mediated assay, blood and
urine analysis, micronucleus test, metaphase analysis, dominant
lethal test, and heritable translocation test. The doses used wvere
0.08, 0.8, and 8.0 mg/kg in corn o0il with corn oil used as the con-
trol and triethylene melamine (0.5 mg/kg five times) serving as the
positive mutagenic control. The pesticide was given orally on a
subacute basis. |

Dean, et al. (1975) evaluated dieldrin (99+ percent purity) in
tvo dominant lethal assays in CFl mice, for chromosomal damage in
male and female Chinese hamsters and in‘the host-mediated assay

with Saccharomyces :ceravisiae in CFl male mice.

Two dominant lethal assays vere carricd.but, one with a single
oral dose of 12.5 or 25 mg/kg and the other with a single oral dose
of 12.5, 25 or S0 mg/kg. The treatment groups consisted of 8 males
and the DMSO solvent control groups of 16 males. In both experi-

ments, each male was caged with three females for 7 days. This vas
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repeated for 8 weeks in the first study and for 5 weeks in the sec-

ond. Also, in the first experiment 8 mice received cyclophospha-

mide at 100 mg/kg orally as a pbsitive control. ; In all cases, diel-

_drin vas dissolved in DMSO and the control anxmals wete given DMSO.

-=The females vere killed and examined 13 days ‘after the mxd-week of -

being caged with the males. All of the dieldrin-treated males -

demonstrated signs of intoxication. One of the cyclophosphamide-
' treated males died 7 days after treatment. Neither dieldrin nor
cyclophosphamide produced significant changes in the pregnancy rate
.0of the female mice. However, when overall means of the total fetal
implants per pregnancy were examined, the 12.5 mg/kg and the cyclo-
bhosphamide-treated groups were significantly lower than the con-
trols (P 0.05 and P 0.001, respectively) in the first experiment.
Conversely, the overall meahs for the 25 mg/kg group in the .second
exper iment .was significantly higher than the control group
(p 0.05).

In the cytogenetic.studies using Chinese hamsters, four males
and four females were administered either DMSO, or dieldrin dis-
solved in DMSO at 30 or 60 mg/kg orally. Two animals of each sex
were killed at 8 and 24 hours after treatment and slides were pre-
pared from the femurs. . One hundred cells were analyzed from the
bone marrow of each animal. While there is some problem determin-
ing the actual number of animals employed an& the number of cells
examinedz; there appears to be no significant differences in gaps

or polyploidy between treated or control hamsters. It should be

2'rhe authors state in the results that 4,800 cells were analyzed

from 48 animals. However, from the methods section it appears that
only 24 animals were used in this study.
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noted that it appears that only two males and two females vere exam-
ined at each Eime/dose point and this is a very small sample size .
when trying to determine small increases as the authors are doing.

Another part of this study looked at mitotic gene conversion

in Saccharomyces cerevisiae D4 at the.ade2 and trpg loci in-a host-
mediated assay using male, CFl mice. The experiments we:g~divided
into three single.dose and three multiple dose (S) proéocols.. In
ﬁhe single dose treatments, mice received either DMSO, or dieldrin
dissolved in DMSO, orally at 25 or 50 mg/kg orally. The multiple
treatments consisted of DMSQ or 5 or 10 mg/kg dieldrin orally for S
days. There were two mice per treatment group and the yeast were
injected i.p. either immediately after the sinéle treatment or the
final multiple treatment. Ethyl methénefsulfonate (EMS) was given
orally at 400 mg/kg as a single dose. A small proportion of the
animals receiving dieldrin at 10 mg/kg for 5 days did not survive
but this is not reflected in the results given. The table summa-
rizing the results of the host-mediated assay states that two mice.
‘éer group were used'but the number for the three gxperiments ié
obviously less than six if all the mice did not survive. Of those
that did survive, only the EMS treatment groups had significant
increases in adenine and tryptophan convertants.

' Three reports on the mutagenicity of aldrin or dieldrin have
recently been published. The first examined the mutagenicity of
dieldrin and several other pesticides with four strains of S.

typhimurium (i.e., TAl535, TAl536, TAl537, and TAl538) with the

addition of a rat liver activating system (Marshall, et al. 1976).
The second, an in-depth study of nearly 200 pesticides, utilized

several microbial indicators and, in some cases, the addition of an
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activating system (Shirasu, et al. 1977). The third study dealt
primarily with strains of S. typhimurium (TA1535, TAl00, and TA98)

plus a mouse liver activating'system (Majumdar, et al. 1977)

.. In_the Marshall, et al. (1976) study, dieldrin was tested at -

e — e

only one concentration, 1,000 ug per plate, gith and without the’
addition of phenobarbital induced rat liver homogenate. In all -

four strains tested, no increase in mutagenicity was observed at
this concentration.

Shirasu, et al. (1977) assayed aldrin with metabolic activa-
tion using g. coli B/r Wp2 try-her and WP try-her” and S. typhim-
urium strains TA1535, TAl537, TA98, and TAl00. Dieldrin was as-
sayed without metabolic activation using the E. coli Wp2 hcr*, wWp2
her™ and §S. ¢typhimurium TA1535, TA1536, TA1537, and- TA1lS538.
According to the authors, both aldrin and dieldrin were considered
nonmutagenic in these tests.

Wade, et al. (1979) have evaluated dieldrin using S. typhi-
murium strain TA100 and TA98 both with and without a rat liver
activating system. Théir assay vas in the form of a spot test at
S0 and 1,000 ng per plate. At these two levels, dieldrin failed to

produce any mutagenic response.

Majumdar, et al. (1977), on the other hand, have reported that

dieldrin vas somewhat mutagenic for S. typhimurium strains TAl53S5,
TAl00, and TA98 without metabolic activation and that it was
strongly mutagenic for all three strains when liver enzymes from

Aroclor- 12543-1nduced mice were added to the mixtures.

3Aroc10r-1254 is a mixture of PCBs, which induce the MFO in liver

{Ames, et al. 1975).
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in -summarizing the limited microbial mutageni;ity studies on
aldrin and dieldrin, it must be mentioned that'thé;only refer-
ence to any mutagenicity in -the Majumdar studigs contains several

.notable inconsistencies. The inconsistencies are: (1) the cul-
_tures used were grown for 24 hours rather than the recommended 16
. /hours; (2) the plates were incubated. for 72 hours rather than the
;conventional 48 hours; and (3) the control values for TAl535 and
.'TA98 were not cpnsistent with those recommended by Ames, et al.
(1975).

It is not'poss;ble to say that these inconsistencies could-
-account for the positive mutagenic findings but they should be
; taken into consideration in view of the fact that sevefal other
»Similar, although not identical, studies reported no mutagenic
;findings with dieldrin. It should be kept in mind that mice appar-
-ently metabolize dieldrin differently than do rats (see the Metabo-
: lism section of this report). It is possible that the use of the
.mouse liver enzymes by Majumdar, et al. (1977) ﬁay be producing a

mutagenic metabolite not seen in other studies.

Studies on the.mutagenic effects of dieldrin in organisms
other than microorganisms were also somewhat varied. Scholes
(1955) reported that dieldrin had no effect on onion root mitosis.
However, Markaryan (1966) observed an increase in the cytogenic
.effects of dieldrin in mouse bone marrow nuclei and Bunch and Low
(1973) reported chromosomal aberrations in semi-domestic mallard

ducks.
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Recently, Majumdar, et al. (1976) studied (1) the effect of
dieldrin on chromosomes in mouse bone marrow in vivo and in cul-
tured human WI-38 lung cells, and (2) th&é ocytopathic.effect of
dieldrin on the cultured human WI-38 cells. They reported & de-
crease in the mitotic index in both the in vivo mouse bone marrow
and in vitro human lung cells with the increasing concentration of
dieldrin used. 1In each test, an increase in chromosome aberrations
was observed with the lowest doses employed (1 mg/kg in mouse bone
marrow and 1 ug/ml in human cell cultures). The authors also re-
ported a dose- and time-dependent cytotoxic effect on the WI-38
human lung cells.

In addition, Ahmed, et al. (1977a) measured unscheduled DNA
synthesis (UDS) in sSvV-40 transformed VA-4 human fibroblasts in
vitro with and without an uninduced rat liver activating system
using aldrin, dieldrin, DDT, and other pesticides. Both aldrin and
dieldrin produced a significant increase in UDS either with or
without the activating system at all the doses used.

Another study by this group (Ahmed, et al. 1977b) demonstrated
that dieldrin induced ouabain resistince in Chinese hamsters V79
cells when tested at a concentration of 0.0l M. With a cell sur-
vival of 77.8 percent, they obtained a mutation frequency of 16.4
mutants per 106 survivors as compared to 1.8 per 106 for the con-
trols.

Carcinogenicity

During the 1960's and the early part of the 1970's, numerous
studies on the carcinogenicity of aldrin and dieldrin appeared in

literature. These reports include studies on mice, rats, dogs, and



monkeys. Of these species, mice appear to be the most susceptible
to aldrin/dieldrin. Various strains of both sexes Have been exam-'.

ined at different dose levels. The effects range from benign liver

- tumors to hepatocarcinomas with. transplantation confirmation .

* t0 pulmonary metastases. The data on carcinogenicity have been

" evaluated and discussed extensively, mainly by Epstein (1975a,b,

‘i

1976).

Six major studies using various strains of mice have been car-
ried out mainly by long-term feeding at low doses (i.e., 0.1 to 20
mg/kg in the diet). The earligst of these studies éas conducted by
the U.s. Food and Drug Administration (FDA) (Davis and Fitzhugh,
1962). Using C3HeB/Fe (C3H) mice, both males and females were fed
either aldrin or dieldrin at 10 mg/kg in the diet for two years.
Both aldrin and dieldrin shortened the average life span by two
months. The experimental and control group death rate was high,
possibly due to overcrowding. Significantly more hepatomas were
observed in the treated groups than in the controls for both sexes.
In addition, the number of mice with tumors may have been hnder-
estimated due to the high mortality which left fewer animals for
evaluation. |

In an FDA follow-up study, Davis (1965) examined 100 males and
females of the CyH mice treated with aldrin or dieldrin at the same
concentrations as the first study. Again,'éurvival was reduced
compared to the control group and there was an increase in benign
hyperplasia and benign hepatomas. A re-evaluation of the histolog-
ical material of both of these studies was carried out by Rueber in

1973 (Epstein, 1975a,b, 1976). He concluded that the hepatomas
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were malignant and that both aldrin and dieldrin were hepatocar-
cinogenic for male and female C3H mice.

In a 1964 abstract, Song ﬁnd Harville reported some ;ndicatibn
of hepatocarcinogenicity in C,H and CBA mice with aldrin (15 mg/kg)
and dieldrin (15 mg/kg) although minimal data are given. Epstein
(1975a,b, 1976) reviewéd an unpublished study of MacDonald, et al.
on technical grade dieldrin in Swiss-Webster mice. The authors
concluded that dieldrin was nqncarcinogenic but that .there was some
questions as to the tfpe of lesions.

Walker, et al. (1972) conducted a multi-part sﬁudy of dieldrin
in CFl mice of both sexes. In this study, the dieldrin used was 99+
percent pure and 4-amin§-2,3-dimethylazobenzene (ADAB) was used as
the positive control. 1In the first part of the study, diets were
prepared containing 0, 0.1, 1.0, and 10 mg/kg dieldrin although
0.01 mg/kg dieldrin was found in the control (0 mg/kg) diet along
with low concentrations of other pesticides. The treatment groups
were made up of 600, 250, 250, and 400 mice, respectively, and con-
tained equal numbers of males and females. The ADAB group, which
contained 50 mice equally divided as to sex, received 600
mg/kg/diet for six months. Initially, the animals were housed five
to a cage, but after the sixth week they were placed in individual
cages. The positive controls were maintained separately from the
other groups. After nine months, the mice ;éceiving 10 mg/kg in
the diet dieldrin demonstrated palpable intra-abdominal masses, and
by the fifteenth month, half the males and females in the group had
died or had been killed when the masses became large. This period

of 15 months is short compared to the 20 to 24 months that elapsed
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before one-half of the control group had died. The life spans of
members of the 0.; mg/kg and 1.0 mg/kg groups wereISimilar to those
of the controls. All the AbAB mice were dead by the'lSth month.

An increased numbe:_of'liver tumors was.observed at all the
concentrations of dieldrin including 0.1 mg/kg, with the highest
increase occurring.in the 10 mg/kg group. The tumors were classi-
fied by the authors as type.(a) "...s0lid cordé of closely packed
parenchymal cells'with a'morphology and staining affinity little
different from'the rest of the parenchyma," or (b) "...areas of
cells proliferating in confluent sheets and often with foci.of
necrosis. These lésions were distinguished from the previous typeé‘
of growth by the presence of areas of papilliform and adenoid for-
mations of liver cells with wide and irregular vascular channels
within the growth."” This classification appears somewhat arbi-
trary. Nonetheless, the presence of tumors was dose-related and
effects were detected at the lowest dieldrin level tested (0.1
mg/kg). In addition to the increase in hepatic tumors there was an
increase in the inéidence of tumors at other sites.,

In the second part of the Walker, et al. (1972) study, groups
of 30 male and 30 female CFl mice received ethylene oxide-steri-
lized diets containing 1.25, 2.5, 5, 10, or 20 mg/kg dieldrin for
128 weeks. The control group consisted of 78 males and 78 females
and the conditions and observations were similar to those in the
- first experiment. In this part of the stddy, the mice that re-.
ceived 20 mg/kg dieldrin in the diet had a high mortality rate.
‘About 25 percent of the males and 50 percent of the females showed

signs of intoxication and died during the first 3 months. Liver
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 masses were detected at 36 weeks, and all the mice either died or
were kilied at 12 months. Masses were not detected until 40 weeks
in the 10 mg/kg mice, 75 weeks in the 5 mg/kg mice, and 100 weeks in
the 2.5 mg/kg mice. In the 10 and 20 mg/kg groups, few animals were
available for examination due to the acute toxicity or their being
used in another study. The 5 mg/kg group had a higher incidence of
tumors than the 2.5 mg/kg‘group. '

The third part of the study was carried out under similar con-
ditions. Groups of 60 mice received gamma-frradiated diets con-
taining 0 or 10 mg/kg/diet dieldrin for 120 weeks. .Also, groups of
48 mice receiveé gamma-irradiated diets and litter for 110 weeks or
unsterilized diets and litter for 104 weeké. The authors stated
that liver enlargement occurrence and mortality were similar to
those of the previous study.

The next section of the Walkér, et al. (1972) study concerned
the combined effect of dieldrin and DDT treatment on CFl mice.
Initially, the mice were fed diets containing 200 mg/kg DDT or
10:200 mg/kg dieldrin:DDT. This resulted in high mortality. The
diets were subsequently reduced to 50 and 100 mg/kg DDT and 5:50
mg/kg dieldrin:DDT. There were 47 males and 47 females in the con-
trol group and 32 males and 32 females in each of the treatment
groups. In mice on the 5:50 mg/kg diet and 100 mg/kg DDT diet,
liver enlargements were detected after 65 wegks of exposure. Both
of these doses were toxic to males but only the 5:50 mg/kg dose was
toxic to females. At 50 mg/kg DDT, masses were detected by the 96th
week but the mortality was similar to that of the éonttols. In this

experiment, the highest incidence of 1liver ¢tumors was in the
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dieldrin:DDT group. However, because only one combination was
tested, it is difficult to determine whether the effect was syner;
gistic or additive. 1In # re-evaluation of the: experiment, Reuber
(see Epstein, 1975a,b, 1976), believes that Walker, et al. (1972)
over-estimated the incidence of liver tumors in the control and DDT
-~ groups, thus minimizing the effect of the combined dieldrin/DDT.

: .In the last section of the Walker, et al. (1972) study, groups
of 58 mice were fed dieldrin at 10 mg/kg for 2, 4, 8, 16, 32, and 64
weeks and sacrificed after 2 years. The control group consisted of
156 mice. All groups were equally divided between'males and fe-
males. In the mice £eceiving dieldrin for 64 weeks, liver enlarge-
‘ments were detected after 60 weeks in six males and two females.
‘ These enlargements remained after the termination of the feeding.
No other enlargements were detected and the mortality of all the
'g:oups was similar throughout the 2 years. It is important to note
that type b tumors were detected after only 4 or 8 weeks of treat-
ment and that the liver enlargements did not appear after the feed-
'ing was. terminated. '

A similar study of dieldrin and other chemicals in CFl mice
was carried out by the s#me group (Thorpe and Walker, 1973). The
treatment groups were comprised of 30 males and 30 females and the
controls of 45 mice of each sex. Dieldrin was tested at one concen-
" tration (10 mg/kg/diet) only, and the animals.were not sacrificed
when abdominal masses were large as in the prévious studies. The
study was terminated after 100 weeks of feeding. The authors re-
ported that there were no signs of intoxication in khe dieldrin

groups; however, mortality increased after 22 months of exposure.



Also liver enlargements were detected in both'sexes'%y the 50th
week. In this study, the cumulative tumor incidencé and the number
of dead mice were given at 17, 21, 25, and 26 ?onths.. Dieldrin at -
10 mg/kg produced a high incidence of liver tumors. All the males
and one-half the females that had died by 17 months had liver tu-
mors. By the end of the study, 100 percent of the males and 87
percent of the females had liver tumors. )

In a recent evaluation of both aldrin and dieldrin by the Na-
tional Cancer Institute, aldrin and dieldrin were found to produce
hepatic carcinomas in male mice. .E‘emale' mice responded to low
doses of dieldrin, but showed no effects from aldrin. No carcino-
mas were observed in either male or female rats of two different
species (43 FR 2450) when the éubjects were exposed to both aldrin
and dieldrin. 1In the study on mice, groups of 50 male and 50 female
B6C3Fl mice were fed either aldrin (technical grade) or dieldrin
(technical grade) at various doses. The females received aldrin at
3 and 6 mg/kg/diet and the males received aldrin at 4 and 8 mg/kg.
Both sexes were given dieldrin at 2.5 and 5 mg/g. Aldiin controls
consisted of 20 untreated males and lOAfemales and dieldrin con-
trols had 20 animals per group. In addition, pooled controls con-
siqtgd of 92 males and 78 females. The animals we:e‘fed the pesti-
cide diets for 80 weeks and then observed for 10 to 13 weeks. All
survivors were killed at 90 to 93 weeks.

In the male mice administered aldrin, there was a significant,
dose-related increase in the incidence of hepatic carcinomas. The
values were: matched controls 3/20 (15 percent); pooled controls

17/92 (19 percent); 4 mg/kg 16/49 (33 percent); and 8 mg/kg 25/45
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(56 percent). The mean body weights of the aldrin- and dieldrin-

fed mice were similar in the control and treated groups. .There was
.a dose-related mortality in female mice at the high dose of aldrin.
wWith the male mice fed dieldrin, a significant increase in hepatic-
carcinomas was observed in the S mg/kg group. The ihcidences wvere
12/50 (24 percent) for the 2.5 mg/kg group and 16/45 (36 percent)
for.the 5 mg/kg group.

There have also been six carcinogenicity studies of aldrin
and/or dieldrin done in various strains of rats. 1In an early éaper
by Treon and Cleveland (1955) aldrin and dieldrin were fed to male
and female Carworth rats at'z;s, 12.5, and 25 mg/kg. The authors
reported a significant increase in mortality and an increase in
liver-to-body weight ratios at all concentrations tested. 'No data
on tumor incidences were given, although some liver lesions were
detected. Later Cleveland (1966) summarized the work on aldrin and
dieldrin conducted at the Kettering Laboratory. Although little‘
data and details were given, Cleveland stated that aldrin and diel-
drin were not tumorigenic in their rat studies.

A‘study was carried out by the U.S. Food and Drug Administra-
tion on aldrin and dieldrin in rats and dogs (Fitzhugh, et al.
1964) to determine the toxicity of these pestigides{ Groups 6f 12
maie and 12 female Osborne-Mendel rats were fed diets containing
either aldrin (99+ pércent purity) or dieldrin'(loo.éetcent purity)
at 0, 0.5,.2, 10, 50, 100, or 150 mg/kg for th years. The animals
were housed individually and the survivors were killed after two
years. None of the dose levels of aldrin or dieldrin Afﬁected the

growth of the rats but both chemicals at 50 mg/kg or greater
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reduced the survival. A significant increase in liver-to-body

weight ratios was observed in both males and females for several
doses of both chemicals. The authors'reporteq no inétease in liver
tumors; however, there was a high incidence of multiple.site tumors
at lower concentrations of both aldrin and dieldrin.

Deichmann, et al. (1967) carried out a study in which 5 mg/kg
aldrin (technical grade) was fed to'male and female Osborne-Mendel
rats, either indiQidually or'in combination with 200 mg/kg aramite,
200 mg/kg DDT; and 1,000 mg/kg methoxychlor. There were 30 males
and 30 females in each treatment group and .they were housed in

‘pairs. No increase in mortality over the controls was observed_in
any of the treated gréups. Aldrin alone had no significant effect
on liver-to-body weight ratio, but an increase in the ratio was
noted in the groupﬁ treated with the pesticide mixtures. The
authors state that one-half (13 females and 2 males) of the aldrin-
treated rats had one tumor; however, only the tumors in survivors
were listed. '

Walker, et.al. (1969) fed dieldrin (99+ percent purity) to
Carworth rats at concentrations of 0, 0.1, 1.0, and 10 mg/kg in the
diet for two years. There were 25 males and 25 females in each
treatment group and 45 rats of each sex in the control group. The
animals were housed individually and dying animals were killed and
examined. The authors reported that some irritability, tremors,
and convulsions occurred after two to thfee months but that the
animals remained in good health for the two years. None of the
dieldrin doses had any effect on body weight. Mortality was the

same for the control and treated groups; however, all the groups
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had an overall, high rate of mortality. This resulted in only a few
animals being ;vailable for examination at the conclusion of the

feeding. At 1 and 10 mg/kg'ﬁhere were increasges in livét-to-dey |
weight ratios. Only one male rat and four female rats at the 10
. mg/kg level demonstrated any liver cell changes. However, at the

0.1 and 1.0 mg/kg levels there were high but not significant in-

* creases in total tumors even though few animals were examined his-

tologically.

In another study with the Osborne-Mendel rat, Deichmann, et
.al. (1970) examined aldrin, dieldrin, and endrin in a lifetime
exposure. Aldrin (technical, 95 percent) and dieldrin (technical4,
: 100 percent active ingredients) were fed in the diét to groups of
50 males and S0 females. The concentrations during the first two
weeks were 10, 15, and 25 mg/kg aldrin and 10, 15, and 25 mg/kg
dieldrin. After this time all the dose concentrations were doubled
~ for the remainder of the treatment time. The cqntrol groups con-
tained 100 rats of each sex. Any animals that appeared ill we}e
" sacrificed. Both aldrin and dieldrin produced some dose-related
toxicity, tremors, and clonic convulsions, especially in females.
However, these doses had no effect on mean gain in body weight
althodgh some animals had marked loss of weight. The mean survival
rate was somewhat lower in the aldrin and dieldrin rats; again,
" predominantly in femaies receiving the high concentrations. There
were significant increases in 1liver-to-body weight ratios in

males fed aldrin at 30 and S0 mg/kg and dieldrin at 30 mg/kg and a

dpnis is somewhat contradictory since "technical" dieldrin is

actually 85 percent pure.
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significiqt decrease in liver-to-body weight ratios in females fed
aldrin at 20 mg/kg. A moderate increase in hepatic cgntrilobulaf
cloﬁdy swelling and necrosis wés observed ia bath male and female
rats fed aldrin and dieldrin as cdmpared to the controls. However,
there was no increase in the number of liver tumors or other site
tumors. 1In facé,'a decrease in total tumors was observed in both
the males and females fed aldrin and dieldrin. The authors stated
that this was possibly due to increased microsomal enzyme activity.
It should be noted that limited re-evaluation 65 this data was car-
ried out by Reuber who disagreed with the findings of Deichmann, et
al. (1970). However, he re-evaluated only one group (dieldrin, 30
mg/kg) and there has been no independent re-evaluation of the
material.

A two-year study by the.National Cancer Institute (1976)(43 FR
2450) studied the effects of technical grade aldrin and dieldrin on
Osborne-Mendel and Fisher 344 rats. The first part of the study
used groups of 50 Osbo;ne-Mendel rats of each sex for aldrin (30 or
60 mg/kg) and dieldrin (29 or 65 mg/kg). Aldrin was fed to the
males for 74 weeks. The rats were then observed for an additional
37 to 38 weeks. All survivors were killed at 111 to 113 weeks. The
éame doses of aldrin.were administered to the female rats for 80
weeks, followed by 32 to 33 weeks of observation. All survivors
were killed at'1ll té 113 weeks. The dieldrin rats were treated for
59 weeks at 65 mg/kg followed by 51 to 52 weeks of observation, or
80 weeks at 29 mg/kg followed by 30 to 31 weeks of observation. All
survivors were killed at 110 to 111 weeks. For both pesticides,

the controls consisted of 10 untreated rats of each sex plus pooled

C-54



¥

eontrols consisting the matched control groups comb'ineé with S8
untreated males and 60 untreated females from simiiar biocassays of
other chemicals. . '

During the first year of the rat studies, the'mean body
weights for the aldrin- and dieldrin-fed rats did not differ from
those of the controls. However, during the second yg&:, the body
weights of the treated rats were lower than those of the untreated.
For both aldrin and'dieldrin,.no significant inczgase in hepatic
carcinomas was observed in either sex, There was a significant
increase in adrenal cortical adenoma in the lowédosé aldrin~- and
dieldrin-treated female r#ts;

In the second part of the study on rats, 24 male and 24 female
Fisher 344 rats were fed purified dieldrin at 2, 10, or 50 mg/kg of
diet for 104 to 105 weeks. Matched éonttols consisted of 24 rats of
each sex. All survivors were killed at 104 to 105 weeks. The body
weights of the treated and control rats were similar and survival
was not greatly affected. The high-dose males-and females demon-
strated signs of intoxification at 76 and 80 weeks, respectively.
A variety of neoplasms occurred in both the control and’ treéted
rats; however, there were no significant dose-related increases in
the neoblasms.

To date, there has been only one carcinogenicity study report-

. ed on either aldrin or dieldrin in hamsters. Cabral, et al. (1979)

carried out lifetime feeding studies in‘5yriah golden hamsters with
dieldrin (99 perceht purity). Groups of nearly equal size (i.e.,
32-41 per group) of male and female hamsters were fed a diet con-

taining 0, 20, 60 or 80 mg/kg for up to 120 Qeeks at which time the
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remaining survivors were killed. While there was no decrease in

survival at 50 weeks, the numbers of females remaining at 70 weeks
vas one-half or less than the males. At 90 we?ks thé survival rate -
was about 10 percent for all groups except the males.of the 180
mg/kg level which had 32 percent survivors. Both males and females
at the low and high doses demonstrated a marked retardation of
growth. The authors state that there was no significant difference
between the percentage of control animals with tumors and the
treated animals with tumors. However, in the treated groups, more .
animals had more than one tumor than in the control groups. Al-
though there was aﬁ increase in the number of animals'with adrenal
tumors, especially males, again this was not statistically signifi-
cant. 1In the animals receivihg the high dose of dieldrin, there
was one male and one female which had hepatomas. It was also noted
by these authors that there was a dose-related increase in the
incidence of hepatic cell hypertrophy in the dieldrin-treated ham-
sters. |

There has been minimal work on the carcinogenicity of aldrin
or dieldrin in dogs. A limited, sho:t-term study was conducted by
Treon and Cleveland (1955). Aldrin and dieldrin were fed to two
male and two female beagles at 1 and 3 mé/kg/diet. The dogs were
killed between 15 and 16 months. Although the growth rates of the
treated dogs were similar to those of the controls, liver weights
were increased at 1 mg/kg. These ddses weré toxic to ﬁhe dogs and
mortality was high. The study provides few data on the necropsy
and the treatment was too short to adequately evaluate carcinogen-

icity.
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In -another study using dogs, Fitzhugh, et al. (1964) treated

26 animals wvith aldrin or dieldrin at dosages of 0.2 to 1.0
mg/kg/day, 6 days a week, up to 25 months. At; doses of 9.5 mg/kg
and greater, toxic effects including weight loss, convulsions, and
‘death were observed. At 1 mg/kg/day or higher no animals survived
over 49 days, and at 2.5 and 10 mg/kg/day all dogs died within 10
veeks. Bowever, dogs fed 0.2 mé/kg7day of aldrin or dieldrin
showed no 111-effect§ during the. 2 years of the study. 1In the dogs
fed aldrin at l.b mg/kg/day or dieldrin at 0.5 mg/kg/day, fatty
degeneration was observed in the liver and kidneyé. This study
also was too short-termed to'éetermine tumorigenic properties of
aldrin and dieldrin. The number of animals surviving at the end of
the study was 1nadequate.to make any type of evaluation. -

A third short-termed study on dieldrin in dogs was carried out
by Walker, eé al. (1969). Dieldrin (99+ percent purity) was admin-
istered to groups of five male and five female dogs in gelatine
capsules at 0.005 and 0.05 mg/kg/day. After two years, the health
and body weight of éhe treated dogs, as compared to the controls,
was normal. A variety of physiologicél tests confirmed the general
good health of the dogs. In dogs administered the higher concen-
tration of dieldrin, liver-to-body weight ratios were increased
significantly over the controls. The report stated that no lesions
were seen in the tissﬁes but provided no data on this.

There -has been one report on the effects of dieldrin on Rhesus
monkeys. The unpublished work of Zavon and Stemmer (197S5), from
fhe Kettering Laboratory, reports on a siudy in which 8ix con-

trol monkeys (five male, one female) and groups of five monkeys
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received 0, 0.01, 0.1, 6.5, 1.0 or 1.75 mg/kg diefﬁrin in their
diet for 5.5 to 6 years. The group at 1.75 mg/kg reqeived 5.0 mg/kg
for four months, then 2.5 mg/kg for approxiqately.z.s months, and
then 1.75 mg/kg for the remainder of the exposure. Additionally;
one monkey in this group had its dieldrin intake progressively in-
creased to the 5 mg/kg concentration. The authors state that this
animal and three others died duriné the study. These animals had
received 5.0, 1.0 or 0.1 mg/kg dieldrin in their diets. The re-
maining animais survived until they were killed.

Fat biopsies were taken on selected animals at various inter-
+ vals. Dieldfin blood levels and other parameters were determiqed
throughout the study; .

The authors concluded that there were no significant hepatié
changes other than alterations in cytochrome P-450 levels. They
also stated that there was no indication of dieldrin-associated
malignancies although admittedly this was not considered a cancer
study. It was also the opinion of the authors that the premature
deaths were not felated to the ingestion of dieldrin.

Versteeg and Jager (1973) summarized health studies carried
out on pesticide workers in the Shell plant in Holland. These
workers had occupational exposure to aldrin/dieldrin over periods
of up to 12.3 years with a mean of 6.6 years. The average time that
had elapsed from the end of exposure was 7.4 years (maximum, 16
years). The average age of the group was'47.4 years. The report
states that 233 long-term workers were involved in this study and
that no permanent adverse effects (including cancer) on the work-

ers' health were observed.
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Recently, Van Raalte (1977) published a follow-up on presum-
. ably the same g}oup of workers reported on by Versteeg and Jager
(1973). This study listed ﬁhe various physivlogical parametérs
‘which were examined in workers with more than four years of expo-
" sure. These workers were examined in terms of two categories, one
* having workers wi£h more than four years exposure and more than 15
" years of observation (a total of 166 men) and the other with more
. than ten years exposure and more than 15 years of observation k69
men). While this is the same number of subjects in both studies
.done at the same plant, Versteeg and Jager listed Qldrin/dieldxin
and other pesticide exposures while Van Raalte only mentioned diel-
drin. This study appears to be a continuation of the previously
- reported work with an additional number of years of exposure and
. observation. The author st#tes that again there were no persisting
" medical problems in the workers and no increase in cancer.. Van
Raalte also goes on to point out that several other of the human
carcinogens have been detected in limited populations after rela-
tively short times. He éuggests that the lack of early adverse
health signs and the lack of an increase in~cancer at this time
strengthens the assumption that dieldrin is not a human carcinogen.

while it is most likely correct to assume that these workers
are probably the most highly exposed group available for study, the
" total number is agafn rather small and the ohservation times are
still less than 20 years.

Epstein (1975a) states that the epidemiological aspects 'of the
study carried out by Shell have been reviewed by seééral experts

who have criticized the study as inadequate due to the number of



. .
vorkers at risk and the short duration of exposure and/or time

after exposure.
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CRITERION FORMULATION

Existing Guidelines and Standards

Prior to 1974, aldrin and dieldrin were -approved for use on 46
agricultural crops and for treatment of soil around fruits, grains,
-nuts, and vegetables (Int. Aéency Res. Cancer, 1974a,b). 1In 1974
the registration of aldrin and dieldrin was suspended on the basis
of adverse health affects in rodents (39 FR 37251). As a result,
production is restricted for all pesticide products containing al-
drin or dieldrin. Aldrin and dieldrin can no longer be used for
spraying and dusting, or for mothproofing in which the residues are
discharged into wéterﬁays. All uses in structures occupied by hu-
mans or livestock, uses upon turf, and any use involving applica-
“tion to any aquatic environment are also restricted. Aldrin and
dieldrin can be used for tefmite treatment which involves direct
application to the soil and therefore little movement of the pesti-
cides. They may also be used for treatment of some nonfood seeds
and plant dipping during transplantation.

The curfent exposure level for both aldrin and dieldrin set by
‘the Occupational Safety and Health Administration is an air time-
weighted average (TWA) of 250 ng/m3 for skin absorption (37 FR
22139). In 1969, the U.S. Public Health Service Advisory Committee
recommended that the drinking water standards for both aldrin and
‘dieldrin be 17 ung/l (Mrak, 1969). Also, the U.N. Food and Agricul-
ture Organization/World Health Organization's acceptable daily
intake for aldrin and dieldrin is 0.0001 mg/kg/day (Mrak, 1969).



Current Levels of Exposure

The people of the United States are exposed to aldrin and
dieldrin in air, water, and food. As mentioned earlier, aldrin or’
dieldrin has been found in more than 85 percent of the ;1: samples
tested by the U.S. EPA (Epstein, 1976). The levels wvere as high as
2.8 ng/m3 resulting in an intake of up to 0.098 ug/day. ' pieldrin
can travel great distances in the air, especially when absérbed to
particulate matter. Thus people can potentially be exposed to
pesticide treatments from other coyntties.

Waters recently sampled in the United States contained aldrin
or dieldrin in amounts up to 0.05 ug/l (Harris, et al; 1977). The

standard diet in the United States has been calculated to contain

approximately 43 ng/g of diel&rin. According to Epstein (1976)

tolerances for dieldrin in cattle-meat fat, milk fat, meat, and
meat by-products have been petitioned for at levels of 0.3, 0.2,
and 0.1 ppm, respectively.

Special Groups at Risk

Children, especially infants, have a high dairy product diet
that has been shown to contain dieldtin (Manske and Johnson, 1975).
It has also been demonstrated that human milk contains dieldrin
regigues and that some infants may be exposed to high concentta?
tions of dieldrin from that source alone (Savage, 1976).

In early studies, Curley and Kimbrough (1969) and Zavon, et
al. (1969) reported that dieldrin and sevéral other chlorinated
hydrocarbon pesticides were present in the tissues of stillborn‘
infants. Curley, et al. (1969) also reported that dieldtiﬁ and

other pesticides could be found in the blood of newborn infants.
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No work has been carried out on neonatal animals with either
aldrin or dieldrin; however, due to the sensitivity of neonatal
animals to other carcinogens, this should be an area of great con-"

cern.

Basis and Derivation of Criteria

The aldrin and dieldrin carcinogenicity data of Walker, et al.
(1972) and the National Cancer Institute (1976) (43 FR 2450) were
analyzed using a linearized multistage model as discussed in the
Human Health Methodology Appendices to the October 1980 Federal
Register notice which announced the availability ofithis document.
It should be noted.that thé Walker, et al. study used 99 percent
pure dieldrin while the NCI study used technical grade dieldrin.

Under the Consent Decree in NRDC v. Train, criteria are to
state "recommended maximum permissible concentrations (including
where appropriate, zero) consistent with the protection of aéuatic
organisms, human health, and recreational activities." Both aldrin
and dieldrin are suspected of being human cafcinogens. Because
there is no recognized safe concentration for a human carcinogen,
the recommended concentration of alétin/dieldrin in water for maxi-
mum protection of human health is 2zero.

Because attaining a zero concentration level may be infeasible
in some cases and in order to assist the Agency and states in the
possible future development of water quality regulations, the con- .
centrations of aldrin and dieldrin corresponding to several incre-
mental lifetime cancer risk levels have been estimated. A cancer
risk level provides an estimate of the additional inciéence of can-

cer that may be expected in an exposed population. A risk of 10-5
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for example, indicates a probability of one additional case of can-

cer for every 100,000 people exposed, a risk of 10'5.1ndicates one
additional case of cancer for every million people exposed, and so -
forth.

In the Federal Registei notice of availability of draft.ambij
ent water quality criteria, EPA stated that it is considering set-
ting criteria at an interim target risk level of 1073, 1076 or 1077

as shown in the table below;‘A

Exposure Assumptions Risk Levels and Corresponding criteria‘l)

0 10”7 - 10”6 10”3
ng/1 ng/1 ng/1 ng/1

2 liters of drinking water
and consumption of 6.5 grams
of fish and shellfish (2)

Aldrin .0 0.0074 0.074 0.74
Dieldrin ) 0 0.0071 0.071 0.71

Consumption of fish
and shellfish only.

Aldrin 0 0.0079 0.079 0.79
Dieldrin . 0 0.0076 0.076 0.76

(1) Calculated by applying a linearized multistage model as dis-
cussed above. Appropriate biocoassay data used in the calcula-
tion of the model.ate presented in Appendix I. Since the
‘extrapolation model is linear at low doses, the additional
lifetime risk is directly proportional to the water concentra-
tion. Therefore, water concentrations corresponding to other
risk levels can be derived by multiplying or dividing one of
the risk levels and corresponding water concentrations shown

in the table by factors such as 10, 100, 1,000, and so forth.
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(2) Ninety-four percent of aldfin exposure results from the con-
sumption of ;quatic organisms which exhibit an average biocon-
centration potential of 28-fold, but for purposes of c;iterian
development are assumed to bioconcentrate aldrin at 4670,
because aldrin is converted to, and stored as dieldrin in
these organisﬁs (see Appendix 1). The remaining 6 percent of

aldrin exposure results from drinking water.

s

Ninety-four percent of dieldrin exposure results from the con-
sumption of aquatic organisms which exhibit an average biocon-
centration potential of 4670-fold. The remaining 6 percent of
dieldrin exposure results from drinking water.

Concentration levels were derived assuming a lifetime exposure
%o various amounts of aldrin/dieldrin, (1) occurring from the con-
sumption of both drinking w#ter and aquatic life grown in water
containing the corresponding aldrin/dieldrin concentrations and,
"(2) occurring solely from the consumption of aquatic life grown in
‘the waters containing the.corresponding aldrin/dieldrin concentra-
tions.

Although total exposure information for aldrin and dieldrin is
discussed and an estimate of the contributions from other sources
of expdsure can be made, this data will not be factored into the
ambient water quality criteria formulation becguse of the tenuous
estimates. The criteria presented, therefore, assume an incremen-

tal risk from ambient water exposure only.
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APPENDIX 1

< -
.

Summary and Conclusions Regarding the

Carcinogenicity of Aldrin and Dieldrint

Aldrin has induced liver tumors in males and females of three
strains of mice according to reports of four separate chronic feed-
ing studies. It has failed to induce a statistically significant
carcinogenic response in rats at any site according to reports of
five studies in two-différent strains. In two bacterial assays

with and without activation (S. typhimurium and E. coli) it was

| found to be nonmutagenic, but it did produce unscheduled DNA syn-
" thesis in human fibroblasts with and without activation. The in-
. duction of hepatocellular éarcinoma in both male and female mice
from the administration of aldrin leads to the conclusion that it
is likely to be a human carcinogen.

Dieldrin, which is readily formed from aldrin in the environ-
ment and by metabolism of aldrin in rats, mice, fish, and many
other species, has produced liver tumors in four strains of mice
according to six repo:ts'of chronic feeding studies and possible
liver tumors in an unpublished study with a fifih strain. In rats
it has failed to induce a statistically significant excess of tum-
~ors at any site in six chronic feeding studies in three strains. It

was found to be mutagenic in S. typhimurium after metabolic acti-

-vation with mouse 1liver enzymes, but it was not mutagenic in

two other studies of the same bacterial strain with a rat liver

*
~ This summary has been prepared and approved by the Carcinogens
Assessment Group, U.S. EPA, on July 25, 1979.
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enzymé activation mixture. The inductibn of hepatocellular carci-
nomas in mice ieads to the conclusion that dieldrin is likely to-be
a human carcinogen. ' . '

Both aldrin and dieldrin have been found to be nonmutagenic in
several test systems as follows: a) gene conversion in S. -'cere-

visie; b) back mutations in S. marcescens, and c) foward mutations

at two loci in E. coli. Several other ofganochloriné pesticides
which produce mouse liver tumors are also nonmutagenic in the same
systems.

The induction.of liver tumors in mice of'botﬁ sexes by aldrin
and dieldrin is sufficient evidence that they are likely to be hu-
man carcinogens.

The water quality criterion for aldrin is based on the hepato-
cellular carcinoma incidence in male B6C3Fl mice in the NCI chronic
test, and on this same response in groups of female CF-1 mice in the
Walker, et al. (1972) experiment, because aldrin is converted to
and stored as dieldrin in fish. It is concluded that the water con-
centration of aldrin should be less than 0.74 ng/l in order to keep
the lifetime cancer risk below 10'5. For dieldrin the criterion is
based on the response in groups of female CF-1 mice in the Walker,

et al. (1972) experiment. The corresponding concentration for

dieldrin is 0.71 ng/l.
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Summary of Pertinent Data for Aldrin

The water quality criterion for nldtin is derived from the
hepatocellular carcinoma response of the B6C3FL male mice given
aldrin in the NCI biocassay test. The slope of the one-hit dose-

response curve for aldrin is calculated from the following para-

meters:
Dose Incidence .
(mg/kg/day) ‘ no. responding/no. tested
0.0 ' 3/30
0.52 16/49
1.04 25/46
le = 80 weeks w = 0,035 kg

Le = 90 weeks
L = 90 weeks

With these parameters the carcinogenic potency factor for hu-
mans, ql', for aldrin is 11.45 (mg/kg/day)'l.

The conversion of aldrin to dieldrin in fish results in the
accumulation of dieldrin-residues in £ish exposed to aldrin. This
makes it necessary to consider the risk resulting from intake of
dieldrin stored in fish due to the p;esencert aldrin in water.
Thus, thg-ctiterion for aldrin also depends upon the carcinogenic
potency factor for humfns, qQ,*, for dieldrin, which is 30.37
(mg/kg/day) L.
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The equation describing the risk due to aldrin in water is

derived from the general relationship:

P = BHD and D = 1/70 kg, thus

P = B, I/70 kg and
P(70 kg) = Byl

where

P.

By

70 kg

individual lifetime risk (set at 10'5 for criterion
calculation)

average daily human intake of the substance in
question

estimated c;tcinogenic potency factor for humans

averége weight of humans

Since aldrin in water leads to the accumulation of dieldrin

residues in fish,

is:

the equation describing the risk due to aldrin

Pa (70 kg) = By, C, (2.0 1/day)+ By, C, Rpg (0.0065 kg/day) +

where

Rad

2.0 1l/day

0.0065 kg/day

Brg Ca R,g (0.0065 kg/day)
risk due to aldrin (set at 10™° for criterion calcu-
lation)

11.45 (mg/kg/day)'l, the aldrin carcinogenic potency
factor for humans

30.37 (mg/kg/day)-l, the dieldrin carcinogenic po-
tency factor for humans '

criterion concentration for aldrin (to be calculated)

28 1l/kg, the fish bioconcentration of aldrin from
aldrin
4642 1l/kg, the fish bioconcentration of dieldrin

from aldrin
average daily intake of water for humans

average daily intake of fish for humans
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The term containing Rad represents intake of dieldrin resulting
from the preserice of aldrin in the water, and is thus multiplied by
the dieldrin dose-response slope. Rad is estimated gy assuming.
that in the absence of conversion to dieldrin, aldrin would biocon-
centrate 4670 times (as dieldrin does), and that since aldrin only
accumulates 28 times, the remainder of the expected aldrin residues
are being stored as dieldrin (i.e., 4670 - 28 = 4642).

The result is that the water concentration of aldrin should be
| less than 0.74 ng/l in order to keep thé individual lifetime risk

below 107°. . '
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Summary of Pertinent Data for Dieldrin

The wvater quality criterion for dieldrin is based on the hepa-
tocellular carcinoma reséggée of the female CF-1 mice given various
‘concentrations of dieldzihvcontinuousiy in the diet in the experi-

ment of Walker, et al. (1972). The parameters of the dose-response

model are: mL

Dose N e " Incidence
(mg/kg/day) SR (no. responding/no. tested)
0.0013 39/297 ’
0.013 ) 24/90
0.128 32/87
1.28 136/148
le = 924 days ' w = 0.030 kg
Le = 324 days R = 4670 1l/kg

L = 924 days

With these paraheters the carcinogenic potency factor for hu-
mans, q;*, is 30.37 (mg/kg/day)™t. The result is that the watér
concentration should be less than 0.71 ng/l in order to keep the

individual lifetime risk below 10 °.

1Doses are concentrations determined to be in the diet. The first
dose group, the control, was found to have a level of contamination
in the diet equivalent to 0.0013 mg/kg/day.
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