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SUMMARY

Of the two compounds studied , DCPD was the more (ca lOX)

toxic to aquatic organisms during static bioassays with 96-

hour LC5O’s ranging from 15.7 mg/i to 31.1 mg/i. The egg

of the fathead minnow was the life stage least susceptible

to DCPD exposure , while in the DIMP life stage bioassays ,

the 7-day old fry exhibited the highest degree of tolerance.

Variations in water quality parameters appeared to decrease

the toxicity of DIMP at elevated hardnesses , and at p11 8.0.

In general , the water quality conditions did not signifi-

cantly alter the toxicity of DCPD to bluegill. A 50% decrease

in toxicity to bluegill was observed for the DIMP solution

allowed to stand for 96 hours. Aging for 96 hours appeared

to have little effect on the toxicity of DCPD to bluegill.

Finally, essentially no bioconcentration (<lx) was observed

for those bluegill exposed to 1 1 ’C-DIMP , while the estimated

maximum bioconcentration factor for ~C-DCPD is 53X. Based

on an application factor of 0.05, and an LC5O of 257 mg/Q

observed for the most sensitive aquatic organism tested

(bluegill at 25°C), a water quality criterion of 12.5 mg/i

DIMP is recommended for the protection of freshwater aquatic

life. Based on an application factor of 0.05 and an LC5O of

10.5 mg/9. for the most sensitive aquatic organism tested

(Daphnia magna ), a water quality criterion of 0.5 mg/9. DCPD

is recommended for the protection of freshwater aquatic life.
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CRITERIA FORMULATION

D IMP

The acute toxicity (LC5O and EC5O) of diisopropylmethyl

phosphonate to a wide variety of aquatic organisms repre-

senting several trophic forms (including primary producer

organisms, primary consumers, and secondary consumers) under

a wide variety of water quality conditions ranged from 257-

6,332 mg/i.

In lieu of a specific laboratory—derived application factor

based on chronic toxicity studies, an appropriate application

factor (e.g., 0.1, 0.05, 0.01) must be utilized to estimate

safe concentrations during chronic exposure . The selection

of an appropriate application factor must consider persistence ,

cumulative toxic effects, and bioaccumulation potential of

the chemical. Acute toxicity studies with bluegill and aged

solutions of DIMP indicate that after only 96 hours , acute

toxicity of DIMP in water is less than 1/3-1/2 of that ob-

served with fresh solutions suggesting a lack of persistence

of DIMP in water. During continuous exposu~~ of bluegill to

150 mg/Q. DIMP for 14 days, no toxic effects were evident , in-

dicating a lack of cumulative toxicity associated with this

chemical . Finally , a pilot bioconcentration study with ‘“ C-
DIMP demonstrated no bioaccumulation of the chemical by bluegill.

iii



Based on these observations , it would appear that , in lieu

of adequate chronic toxicity data , 0.05 probably represents

a reasonable application factor for estimating safe concen-

trations of DIMP in water.

Based on an application factor of 0.05, and an LC5O of 257

mg/i observed for the most sensitive aquatic organisms tested

(bluegill , at 25°C), a water quality criterion of 12.5 mg/i

DIMP is recommended for the protection of freshwater aquatic

1 i fe.

DCPD

The acute toxicity (LC5O and EC5O) of dicyclopentadiene to

a wide variety of aquatic organisms representing several

trophic forms (including primary producer organisms, primary

consumers and secondary consumers), under a wide variety of

water quality conditions ranged from 10.5-120 mg/i.

In lieu of a specific laboratory-derived application factor

based on chronic toxicity studies, an appropriate application

factor must be utilized to estimate safe concentrations during

chronic exposure . Acute toxicity studies with bluegill in-

dicate that the toxicity of DCPD solutions after 96 hours of

aging is somewhat less than that of the fresh solutions . During

continuous exposure of bluegill for 14 days to approximately

iv



1 mg/i ‘“ C-DCPD , no toxic effects were observed . During this

pilot bioconcentration study, maximum bioaccuinulation (ca SOX)

occurred during the initial 96 hours of exposure . More sig-

nificantly, ‘“ C-residue concentrations in fish tissue declined
dramatically despite continued exposure through 14 days , a

phenomenon possibly mediated through an enzyme induction proc-

ess. Based on these observations , and in lieu of adequate

chronic toxicity data, 0.05 probably represents a reasonable

application factor for estimated safe concentrations of DCPD

in water.

Based on an application factor of 0.05 , and an LC5O of 10.5

mg/i for the most sensitive aquatic organism tested (Daphnia),

a water quality criterion of 0.5 mg/i is recommended for the

protection of freshwater aquatic life

.v
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INTRODUCTION

The primary objectives of these studies were to provide the

U .S .  Army Medical Research and Development Command w i t h  the

necessary information for DIM? and DCPD to evalute the rela-

tive susceptibility of phytoplankton , aquatic invertebrates ,

and fishes to acute exposure (Task 1), to evaluate the rela-

tive sensitivity of specific life history stages of fathead

minnow to acute exposure (Task 2), to evaluate the effects

of water quality on acute toxicity (Task 3), to provide in-

formation on the short-term stability of the toxicological

characteristics of the test compounds in water (Task 4), and

to provide information on the bioconcentration by fish of

DIM? and DCPD from water (Task 5).

The phytoplankton studies were conducted at the Marine Re-

search Laboratory of E G & G, Bionomics , Pensacola , Florida .

The aquatic invertebrate and fish studies were conducted at

the Aquatic Toxicology Laboratory of E G & G, Bionomics ,

Wareham , Massachusetts .
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MATERIALS AND METHODS

Test Materials

The materials evaluated during these bioassays were diiso-

propylmethyl phosphonate (DIMP) and dicyclopentadiene (DcPD) ,

both clear liquids, received from Richmond Organics , Richmond ,

Virginia , and Aldrich Chemical Company , Milwaukee , Wisconsin ,

respectively (Table 1). The DIMP was tested on a 98.5% ac-

tive ingredient basis, and the DCPD was tested on a 95% active

ingredient basis. Nominal test concentrations are reported

as milligrams active ingredient per liter . The DIMP appeared

miscible with both the culture medium used in the phytoplankton

assays and the water used in preparing stock solutions , and

therefore , was added to test water directly without a solvent/

carr ier .  The DCPD was not miscible with either  the cul ture

medium or water .  Therefore , stock solutions were prepared

in a solution of reagent-grade acetone . The stock solut ion

used in the phytoplankton assays was prepared in the ratio of

1 part DCPD :99 parts acetone (volume :volume), and that used

in the fish bioassays was prepared in the ratio of 1.5 parts

DCPD :98.5 parts acetone (volume:volume ) . The stock solution

used in the macroinvertebrate bioassays was prepared by adding

1 part DCPD and 2 parts acetone to 997 parts of water , and

mixed with a magnetic s t i r r e r .
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Test Organisms

Algae tested were the cyanophytes (b lue -g reens )  Microcys t i s

aeruginosa and Anabeana f los-aguae; the chiorophyte  (green)

Selenastrum capricornutum; and the chrysophyte  (d ia tom)

Navicula pelliculosa. The cultures were obtained from the

algae collection at the University of Indiana , Bloomington ,

Indiana and the Pacific Northwest Water Quality Laboratory

(EPA), Corvallis , Oregon . Each alga was maintained in stock

cultures at Bionomics Marine Research Laboratory. These cul-

tures were maintained according to the methods outlined in the

Algal Assay Procedure : Bottle Test (U.S. EPA , 1971)

The invertebrate species tested were water flea (Daphnia

magna) , midge (Chironomus tentans), scud (Cammarus fasciatus ),

and sowbug (Asellus militaris ) . The water flea (< 24 hours

old) and midge (2nd-3rd instar) were from Bionomics Aquatic

Toxicology Laboratory population s cultured in static , aerated

well water , with a hardness of 35 mill igrams per liter (mg/p )

as CaCO 3, a pH of 7.1 , a temperature of 21 + 1.0°C and a dis-

solved oxygen (DO) concentration of greater than 60% of satu-

ration . The scud and sowbug were collected locally in Massa-

chusetts by laboratory personnel and held at Bionomics Aquatic

Toxicology Laboratory in flowing well water for at least two

weeks prior to testing.
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Bluegill (Lepoinis macrochirus ) used in these bioassays were

obtained from a commercial fish hatchery in Nebr ask a and had

a mean and standard deviation (N=30) wet weight of 1.1 + 0.35

grams (g) and standard length of 31 ± 8.6 millime ters (mm ).

The channel catfish (Ictalurus punc tatus), acquired from a

commercial fish farmer in Missouri , had a mean and standard

deviation (N=30) wet weight of 1.3 ± 0.56 g and standard length

of 36 ± 7.6 mm. The fathead minnow (Pirnephales promelas) were

obtained from a commercial fish farmer in Arkansas and had a

mean and standard deviation (N=30) wet weight of 1.4 + 0.55 g

and standard length of 36 ± 8.6 mm . The rainbow trout (Salmo

gairdneri) were acquired from a commercial fish hatchery in

Washington and had a mean and std lard deviation (N=30) wet

weight of 1.6 ± 0.46 g and standard length of 38 + 8.6 mm .

All test fish were held in 1700- i concrete raceways which were

coated with an epoxy resin paint to prevent leaching of ex-

traneous materials into the water . Well water , of the same

characteristics described previously , at a temperature of

21 + 1.0°C for bluegill , channel catfish, and fathead minnow ,

and 14 + 1.0°C for rainbow trout , flowed through these race-

ways at a minimum of 4 liters/minute which provided an adequate

rate of turnover for maintaining these species. Test animals

were maintained under these conditions for a min imum of 30

days prio~ to use in the bioassays. During the holding period ,

fish mortaUty was less than 2%. Test animals used in the
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bioassays were from the same year class. The standard

length of the longest fish was no more than twice that of

the shortest. Immediately prior to use in these tests , fish

were acclimated to test conditions of temperature and water

quality over a 48-hour period . Fish were not fed dur ing this

acclimation period , there was no mortality observed during

this period and fish appeared to be in excellent cond ition at

the initiation of the tests.

Test Conditions

Phytoplankton assay procedures followed the Algal Assay Pro-

cedure : Bottle Test (U.S. EPA , 1971) . Effects of the compounds

on test algae were measured by determining in vivo chlorophyll

a content at 24, 48 and 96 hours of exposure and cell numbers

at 96 hours as compared to controls. The in vivo chlorophyll

~ of cultures was measured with a Turner Model III fluorometer.

All cell counts were made using a hemacytometer and Zeiss

Standard 14 compound microscope .

The methodology for conducting the macroinvertebrate and fish

toxicity tests followed the recommended bioassay procedures

as described in the “Methods for Acute Toxicity Tests with

Fish, Macroinvertebrates, and Amphibians ” (U.S. EPA , 1975).

These methods reflect the most recent state-of-the-art metho-
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dology for acute tox ic i ty  studies w i t h  a q u a t i c  o r g a n i s m s .

The macroinvertebrate  bioassays were conducted in 250 m i l l i -

l i ter ( m i )  beakers which contained 166 mi of test s o l u t i o n .

Diluent water used in these tests was aged for at least 24

hours prior to initiation of the tests. For each concentra-

tion , the appropriate amount of the test compound was pipetted

into 500 mi of diluent water and mixed with a magnetic stirrer.

This solution was then divided into three equal aliquots in

triplicate beakers to provide replicate exposure treatments .

All beakers were maintained at 20 ± 1.0°C and test solutions

were not aerated during the test. Five animals were randomly

assigned to each test vessel within 30 minutes after the com-

pound was added for a total of 15 test organisms per concen-

tration per test.

Static fish bioassays were conducted in 19.6 liter glass

vessels held in constant temperature water baths at 21 ± 1.00C

for the bluegill , channel catfish , and fathead minnow and at

14 ± 1.0°C for the rainbow trout. The standard diluent (well

water) used in this test had the same water quality character-

istics as described previously for holding water.

Statistical Analyses

Results for all tests were expressed as the median effective
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concentration (EC5O) for phytoplankton , and the median lethal

concentration (LC5O) for the macroinvertebrates and fishes.

The criteria utilized in bioassays was chlorophyll a content

and cell number for phytoplankton , and death for invertebrates

and fishes. The ECSO and LC5O values and their 95% confidence

intervals were calculated by transforming the test concentra-

tions and the corresponding observed percentage response to

logarithms and probits , respectively. The transformed data

were then utilized in a least squares regression analysis and

EC5O and LC5O values (confidence limits) were estimated from

the calculated regression equation .

Task 1 - Relative Susceptibility of Aquatic Species

As stated previously, the DIMP appeared to be miscible with

the algae culture medium at all concentrations tested ; the

DCPD was immiscible at all concentrations, and was t h e r e f o r e

prepared with reagent grade acetone . Using this acetone

stock solution , at concentrations greater than 100 mg/i, the

DCPD was observed to come out of solution as evidenced by the

presence of droplets of what appeared to be DCPD throughout

the culture medium. As a result, 100 mg/i was the highest

concentration of DCPD tested . Since acetone was used as a

solvent/carrier , preliminary tests were conducted to determine

its affect on chlorophyl a concentrations and cell numbers
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of test algae . Concentrations of acetone tested were 100

and 1, 000 mg/ i .  These were the minimum and maximum amounts

add ed to the test cultures to obtain desired concentra t ions

of DCPD.

In both the macroinvertebrate and f i sh  bioassays , neqa t ive

controls , which consisted of the same di lut ion water and con-

ditions as test concentrations , but wi th  no DIMP or DCPD , were

conducted . Additionally, positive controls , which contained

a volume of acetone equivalent to the greatest amount of the

solvent introduced into any test vessel , were also maintained

for the DCPD bioassays.

During the fish bioassays , the dissolved oxygen (DO) concen-

tration , pH and temperature of test solutions were checked at

0, 48 and 96 hours of exposure in two selected test concentra-

tions, at a minimum. DO and temperature were measured with a

YSI dissolved oxygen meter and combination oxygen-temperature

probe ; pH was measured with a Corning Digita l pH meter and

probe .

Task 2 - Susceptibility of Life Stages of Fish

Fathead minnow were chosen as the test species for Task 2 be-

cause of the ability to readily rear their various life stages
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in the laboratory . The susceptibilities of selected life

stages (egg, 1-hour old , newly-hatched fry, 7-day old fry,

30-day old f ry ,  and 60-day old f r y )  of fathead minnow to

DIMP and DCPD were evaluated under s tatic bioassay condit ions

over a 144-hour period for the eggs , and over a 96-hour period

with all other life stages. The egg bioassays were conducted

in 250 mi beakers containing 200 mi of solution (10 eggs/

beaker , 3 replicates/concentration) . The 1-hour old f r y  and

7-day old f ry  bioassays were also conducted in 250 mi beakers

containing 200 mi of solution (10 animals/beaker , duplica te

beakers) . The 30-day old fry and 60-day old fry bioassays

were conducted in 1-gallon glass jars containing 3 i of solu-

tion (10 f r y/j a r , duplicate jars). The LC5O values for the

egg tests were calculated at 24, 48 and 144 hours of exposure .

The time period of 144 hours allowed 100% hatch of eggs in all

control beakers. In addition to percentage mortalities , per-

centage hatch was also observed . All of the life stage tests

were conducted at 25 ± 1.0°C. Dissolved oxygen values were

measured in randomly selected test vessels during these bio-

assays.

Task 3 - Impact of Environmental Factors on Toxicity

Due to the sensitivity of bluegill to DIM? and DCPD determined

during Tasks 1 and 2, the availability of these fish and the

expected presence of this species in most of those areas where
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the chemical compounds might be found , bluegill were selected

as the test species fo r this task . The susceptibility of

bluegill  to the chemical compounds under various water quality

conditions was evaluated under static bioassay conditions for

a 96-hour period . The bluegill used in these tests were ob-

tained from a commercial fish farmer in Nebraska and had a

mean and standard deviation (N~ 3O) wet weight and standard

length of 1.1 ± 0.35 g and 30 ± 8.6 mm , respectively. Bio-

assays were conducted utilizing bluegill to determine the 24- ,

48- and 96-hour LC5O values of DIMP and DCPD : a) at three

temperatures representing the lower end (15°C) , mid-point

(2 0°C ) ,  and upper end (25°C) of the normal temperature range

for bluegill using soft water (35 mg/i CaCO ,) at neutral  pH ;

b) in soft water (35 mg/i CaCO ,), in hard water (100 mg/ v

CaCO ,) and in very hard water (250 mg/~ CaCO 3 ) using wate r of

pH 7.0 at the recommended test temperature of 20°C ; and c )

at a pH of 6.0, 7.0 and 8.0 using standard soft water at the

recommended test temperature of 20°C. The diluent for each

of these conditions was prepared as recommended by Marking

and Dawson (1973) (Tables 2a and 2b). Dissolved oxygen values

were measured in various test vessels during these bioassays .

Task 4 - Stability of Toxicological Properties

The susceptibil i ty of bluegill to DIMP and DCPD was evaluated

under static bioassay conditions for a 96-hour period utilizing
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“aged” (0 , 12 , 24 , 48 and 96 hours) solutions of each com-

pound . The bluegill used in these tests were acquired from

a commercial fish farmer in Nebraska , and had a mean and

standard deviation (N=30) wet weight of 1.1 ± 0.35 g and

standard length of 31 
~ 

8.6 mm . Dissolved oxygen values

were monitored at various intervals throughout the test in

selected concentrations to determine if there was an oxygen

demand by the compound.

Task 5 - Bioconcentration

Bluegill were chosen as the test species due to their  availa-

bi l i ty and their general acceptance as the species of choice

in bioconcentration tests . Bluegill , ha ving a mean and stand-

ard deviation (N=30) wet weight of 1.75 ± 0.65 g and standard

length of 36.1 ± 5.5 mm, were obtained from a commercial

f i sh  fa rmer in Connecticut. These f i sh  were held under those

conditions previously described for at least 30 days prior to

the initiation of the studies. The studies were conducted

using a modification of a proportional dilution apparatus

(Mount and Brungs, 1967) which provided for the automatic ,

intermittent introduction of the test material and diluent

water into the test chamber. Three 30-liter experimental

units were utilized in the system .

The DIM? and DCPD used in the 1 1 ’C-accumulation study were
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received as clear liquids contained in sealed screw—cap vials

from Litton Bionetics , Inc . Correspondence which accompanied

these vials identified their contents as : methyl-carbon

labeled ‘“ C-DIM?, 100 ~iCi (25 microliters; ~~
) and un i forml y

ring—labeled ‘“C-DCPD , 100 ~iCi (50 iii).

The contents of the vial containing ‘“ C-DIMP and an additional

479 mg of unlabeled DIM? were quantitatively transferred to

a 1-liter volumetric flask , and diluted to volume with di-

stilled water. The contents of the vial containing ‘“ C-DCPD

and an additional 236 mg of unlabeled DCPD were quantitatively

transferred to a 1-liter volumetric flask , and d i lu ted to

volume with distilled water . To determine the specific activ-

ity of ‘t ’C-DIMP , three 1 mi aliquots of the superstock solution

were transferred to glass vials containing 15 m~ of co un t ing

solution . These vials were placed in the liquid scintillation

spectrometer and the mean specii.ic activity was measured to

be 0.50 
~ 

0.015 disintegrations per minute per microgram

(dpm/pg) , equivalent to 106% of the theoretical concentration.

A similar procedure was used to determine the specific activ-

i ty of ‘“ C-DCPD. The mean specific activity was measured

to be 6.46 ± 0.55 dpm/pg, equivalent to 69% of the theoretical

concentration.

F i f t y  bluegill were placed into each of three experimenta l

units. Aerated well water having a pH of 7.1 , a total hard-
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ness of 35 mg/i as CaCO 3, a dissolved oxygen concentration

of grea ter than (>) 60% of saturation and a temperature of

18 ± 1.00C was provided to each unit at a flow rate of 5 1/

hour . Bluegill in one unit were exposed to 150 mg/~ of ‘ ‘C-

DIM?, those bluegill in a second unit were exposed to 1.00

mg/ i ‘“C-DCPD , and the third unit served as a control. Stock

solutions for the ‘“C-DIMP and ‘~
‘C-DCPD units were prepared

from the superstock solutions and were mixed in distilled

water and acetone , respectively . The mechanical dilution ap-

paratus was used to establish and maintain the desired chemical

concentration. Fish in all units were fed a dry pelleted ration

ad libitum each day . During the experiment, dissolved oxy gen

concentrations were measured bi-weekly using the standard

Winkler method (APHA et al., 1971 , p. 474-484) and determined

to be >60% of saturation . Fish remaining in the test units

after 14 days were transferred to clean flowing I C~ DIMP or

‘“ C-DCPD-free water for 7 days (depuration phase).

Water and bluegill were sampled from the units after 1, 2 , 4,

7, 10 and 14 days of exposure . During the depuration period ,

fish were sampled 1, 3 and 7 days after transfer. Water was

not sampled during this period .

Duplicate 5-mi water samples were taken directly from both

units on all sample days during the exposure period . Each



14

sample was pipetted from the test unit into a glass vial

containing 15 mi of counting solution .

At each sampling interval during both exposure and depuration ,

3 fish were removed from each experimental unit , eviscerated ,

and the distribution of ‘“ C-residues in the edible (muscle)
portion was investigated by radiometric analysis.

Each portion (0.75-1.50 g) of the muscle tissue from each

fish sampled was air dried for approxima tely 24 hours in a

combustion cone at 21°C. Each dried sample (0.4-1.0 g) was

combusted in a Packard Model 306 Tri-Carb Sample Oxidizer .

The resulting “ C0 2 was trapped as a carbonate in a mixtu re

of Carbosorb (lM hyamine hydroxide in methanol) and scintil-

lator cocktail (4 g, 9 8% PPO + 2% bis-MSB/liter toluene) in

a counting vial . Standard reference material consisting of

‘“ C-methyl methacrylate (New England Nuclear Corp.) was oxidized
with control fish tissue to determine recovery values of the

Packard Oxidizer. Recovery values ranged from 99.6-101.3%

and data were not corrected for recovery . All results were

expressed as the mean plus standard error of ‘“ C-residues/g

wet weight of tissue . Prior to the analyses of a set of

tissue samples, the oxidizer unit was “cleaned” by consecu-

tively burning two pressed paper discs to eliminate any resi-

dual ‘“ C-activity (memory) which could be a source of error
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in analyses of tissue samples containing low levels of radio-

activity .

Concentrations of ‘“ C-DIMP and ‘“ C-DCPD in the water from the

treated unit  were determined by d i rect ly  counting the tripli-

cate 5-mi samples , taken at each sample interval. The liquid

scintillation fluid was composed of xylene base counting solu-

tion consisting of a nonionic surfactants with PPO + bis/ MSB

surfactants .

All measurements of radioactivity were made to 7.8% maximum

probable error (95% confidence interval) using a Model 2112

Packard Tri-Carb Liquid Scintillation Spectrometer. Counting

e f f iciences (E )  were determined as follows : Ali quots  of a

‘“ C-toluene standard , obtained from New England Nuclear , with

an accurately known specific activity were added to a series

of counting vials containing scintillation cocktail of a type

and volume identical to those used for counting water or corn-

busted tissue samples . Then , increasing volumes of nitro-

methane , a chemical quenching agent, were added to individual

vials in each series. The vials were counted with two channels

simultaneously and the channel ratios determined . Counting

ef f ic iency  of each standard was determined as the quotient

of counts per minute divided by the disintegrations per minute

of the standard . From these data , a graph of counting effi-
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ciency versus channel ratio was constructed for each of the

two types of samples. Counting efficiencies of all sub-

sequent samples were determined by calculating the channel

ratio and interpolating the corresponding counting efficiency

from the graph (Bransome , 1970) . By this method , counting

efficiencies for ‘“ C-DIM? ranged from 74-77% for water and

58-63% for fish tissue . Those for ‘“ C-DCPD ranged from 68-

74% for water , and 56—77% for fish tissue .

The calculations used in the analysis of the contents of a

liquid scintillation counting vial were the following :

i. net counts/minute = (sample - control) cpm

ii. dpm in combusted sample = net cpm 
-count ing e f f i c i e n c y

ii i .  total ‘“ C— residue = d~ rn of combusted sample
calculated as DIM? specific ac t iv i ty  of combusted
or DCPD (jig/ i) DIM? or DCPD x sample weight

(dmp/ug) (g)

Sample Calculation

net cpm (441)/E (0.77) = 32.96 pg/g ‘“ C-residues
specific activity x sample wt. calculated as DCPD in

(6.46 dpm/pg) x (2.69 g) combusted tissue

Mean background levels for untreated test samples have been

determined to be 41 cpm for bluegill and 40 cpm for water.

Samples were counted for a maximum of 100 minutes or for a
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sufficient period of time to generate a maximum total of

5,000 counts. Using this procedure , the probable error of

accepting 22 cpm above mean background level as minimum

detectable radiation is 7.8%. Minimum detectable limits

of ‘‘C-DIM? were 100 mg/kg for fish and 7.5 mg/Q. for water ,

and those for ‘“ C-DCPD were 5.00 mg/kg for f i sh  and 0 . 6 0

mg/i for water.
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RESULTS AND DISCUSSION

Diisopropylmethyl phosphonate (DIMP)

A summary of those calculated EC5 O and LC5 O values ana 95%

confidence limits at termination of exposure is presented

(Table 3). Based on in vivo chlorophyll a reduction , the

96-hour EC5O’s generally indicate a hi gh degree of similar-

ity in the sensitivities of Microcystis aeruginosa, Selenastrum

capricornutum, and Navicula pelliculosa to DIMP (lot #1) . EC5O

values were 1,827 , 2,301 , and 2 ,045 mg/ i, respectively a f t e r

96 hours of exposure to DIMP . The alga Anabeana flos-aquae

was the one least affected by DIMP (lot #1) exhibiting a 96—

hour EC5O value of 6,334 mg/i (Table 4)

The 96-hour EC5O values for reduction in cell numbers were

similar to those for chlorophyll a reduction . These ranged

from 2 ,345 mg/i for N. pelliculosa to 6,107 my/i for A. flos-

acjuae (Table 5)

The toxicity of DIMP (lot #1) appeared to increase over the

96-hour exposure period for each of the algae tested (Tables

6-13). A slight stimulation of chlorophyll a was observed

in A. flos-aquae after 48-hour exposures in 3,787 and 4 ,734

mg/i.

Of the macroinvertebrate species tested , Daphnia t~~gna and
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Gammarus fasciatus exhibited the greatest sensitivities to

DIMP (lot #1 ),  followed by Chironomus ten tans and Asel lus

militaris (Tables 14 and 15) . The calculated 48-hour LC5O

values were 267 , 494, 1,72 0 and 2 ,160 mg/i , respec tively .

The concentration of dissolved oxygen measured in bioassays

with all fish species ranged from 8.8 mg/i (98% of saturation)

in i t i a l ly  to 3 .7 mg/~ (35% of saturation) at the end of ex-

posure . The pH ranged from 7.0-7.4. Based on the 96-hour

LC5 O ’ s estimated for the fish species tested (Table 16) ,

channel catf ish appeared to be the most sensitive species

to DIM? ( lot  #1) ,  followed by bluegill , fathead minnow and

rainbow trout. The 96-hour LC5O’s were 285 , 406 , 47 9 and

631 mg/ i, respectively . During the course of experimentation

at Bionomics , it became necessary to utilize add itional DIM?

material , i.e., lot #2. Preliminary testing indicated a

significant difference in toxicity existed between DIMP lot

#1 and DIM? lot #2. The material tested as lot #2 was approxi-

mately 2X to 5X less toxic than lot #1. Conversations with

the supplier of DIMP (Richmond Organics) , and subsequent gas

chromatographic analyses of the different lots by Richmond

Organics indicated that all samples received were 98% pure ,

and that there was an impurity in all of the samples tested .

This impurity was identified as diisopropylphosphite (DIPP) ,

and this appeared to be present at a hi gher concentrat ion in
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DIM? lot #2. Subsequent screening of DIPP with fathead minnow

to a nominal concentration of 100 mg/ . produced no adverse

e f f e c ts on these f i s h .  At the hi ghest concen t ra t ion  of DIMP

(lot  # 2 )  tested, the theoretical concentration of DIPP would

be 64 mg/ i , which appeared to indicate that the var iance in

toxicity of the two lots of DIMP was not due to DIPP. How-

ever , this does not preclude any synergistic or add iti ve

effects . Fortunately, all tests were completed with lOt #1 ,

and lot #2 was used only as a check on previous data . It

is interesting to note that the lot #1 DIM? exhibited in-

creasing toxicity over time , while lot #2 appeared to exhibit

the majority of its toxicity during the first 24 hours of

exposure (Table 17).

Dissolved oxygen values for the Task 2 egg and fry bioassays

ranged from 8.9 mg/k (99% of saturation) initially to 3.9

mg/i (43% of saturation) at the end of the tests. Observa-

tions during the bioassays with eggs were made at 24-hour

intervals through 144 hours of exposure and percent hatch

at that time was also recorded (Tables 18 and 19) . Lot #2

appeared to be less toxic than lot *1 DIM? which is con-

sistent with that data generated for Task 1. However , while

being less toxic , the lot #2 DIM? appeared to greatly red uce

hatch at five days when compared to controls. The 1-hour

old and 7-day old fry exhibited similar sensitivities to DIM?
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(lot #1) and the 30-day and 60-day old fry exhibited slightly

greater sensitivities. The 96-hour LC5O values wi~re >1 ,000

mg/i for both 1-hour and 7-day old fry, and 6 35 mg/ i and 641

mg/i for the 30- and 60-day old fry, respectively. In the

30- and 60—day old fry bioassays , lot #1 DIM? exhibited in-

creasing toxicity over time , as was evident in those fish

bioassays (Task 1) utilizing lot #1 DIMP .

Dissolved oxygen values measured in bioassays evaluating the

effect of different water quality parameters ranged from 8.8

mg/i (98% of saturation) to 3.5 mg/i (39% of saturation) at

the end of the tests. The pH values for all parameters ex-

cept the pH parameters (pH 6.0 and pH 8.0) ranged from 6.8

to 7.5. The initial and final pH values for the pH 6.0 test

were 6.2 and 6.3. The pH values for the pH 8.0 test ranged

from 7.4 to 8.0. The results of acute bioassays indicate

the toxicity of DIM? to bluegill was similar over the range

of 15-25°C (Tables 20 and 2l’~ . The higher temperature (25°C)

appeared to increase the toxic ity of DIMP through the 24-

and 48-hour time periods , with a lesser effect at 96 hours

of exposure . This may be attributable to an increased metab-

olism of the fish at the higher temperature , or a greater

solubility of the DIMP at this temperature . There appeared

to be a general lessening of toxic ity as the hardness in-

creased . The 96-hour LC5O of the 35 mg/i hardness water was
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438 mg/i , while those for the 100 mg/i and 250 mg/ ct hard

water were 849 mg/i and >1 ,000 mg/~ , respectively. Increased

pH (8.0) appeared to reduce the toxicity of DIMP to comparable

levels (96—hour LC5O , >750<1 ,000)

Dissolved oxygen levels monitored during Task 4 (Stability

of Toxicological Properties) appeared to remain constant

throughout the “aging” periods , and decreased normally after

introduction of the test organisms from 8.8 mg/i (98% of

saturation) to 2.8 mg/i (31% of saturation) indicating that

DIM? did not generate any significant oxygen demand . The

pH values ranged from 6.9 to 7.5. In general , the data in-

dicate that solutions of DIM? “aged” for 96 hours are approxi-

mately half as toxic to bluegill as unaged solutions (Tables

22 and 23) after 96 hours of exposure , while those solutions

“aged” for shorter periods (0 , 8. 24 and 48 hours of exposure)

appeared as toxic at 96 hours of exposure as observed for

bluegill in the other bioassays .

Those bluegill in Task 5 (Bioconcentration) exposed to 150

mg/i ‘“C-DIMP appeared normal, fed readily, and generally

showed no signs of stress due to chemical toxicity . The

mean measured concentration of ‘“ C-DIM? in the water through
14 days of exposure was 166.7 

~ 
13.6 mg/i (nominal concen-

tration 150.0 mg/i)
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The results of the analyses of edible portions of b luegi l l

sampled during the 14 days of exposure are summarized in

Table 24 .  Rad iometric analyses indicate that the mean

measured concentration of ‘“ C-residues remains below minimum
detectable limits ( 100 mg/kg) throughout the entire obser-

vation period , and clearly indicates that bioconcentration

of DIM? by bluegill does not occur .

Dicyclopentadiene (DCPD)

A summary of those calculated EC5O and LC5O values and 95%

confidence limits at termination of exposure is presented

(Table 25). Based on in vivo chlorophyll a reduction , the

96-hour EC5O’s for M. aeruginosa, A. flos-aquae, and N.

pelliculosa were 31, 60 and 51 mg/P. , respectively . The 96-

hour ECSO for S. capricornutum was >1 ,000 mg/i, the highest

concentration at which DCPD could be maintained in solution

(Table 26)

The 96-hour EC5O values based on reduction of cell numbers

of M. aeruginosa, A. flos-aquae, and N.  pelliculosa were 31,

22 and 53 mg/i , respectively, with the value for S. capri-

cornutum again >100 mg/i (Table 2 7 ) .

At most test concentrations , DCPD produced a decrease in both

chlorophyll a and cell numbers of exposed M. aeruginosa and

N. p~~liculosa. Both cell numbers and chlorophyll a content

for A. flos-aquae and S. capricornutum appeared to be stimu-

-
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lated by exposure to lower concentrations (10, 16 , 25 and

40 mg/ i)  of DCPD and inhibited at higher concentrations (> 56

mg/Q). The toxicity of DCPD to S. capricornutum appeared to

decrease with time (Tables 28-35). Initial and final p11

values for controls and test concentrations ranged from 8.0

to 8.4 for all tests.

Of the macroinvertebrate species tested , D. magna appeared

to be the most sensitive species , followed by A. militaris ,

and G. fasciatus (Table 36). The 48-hour LC5O values were

10.5, 15.0 and 21.2 mg/i, respectively . The calculated 48-

hour LC5O for C. tentans was 120 mg/i, which indicates DCPD

is approximately lOX less toxic to midges than to the other

invertebrates tested during acute exposure . The DCPD at peared

to exhibit the majority of its toxicity to all species during

the first 24 hours of exposure (Table 37).

The dissolved oxygen concentrations measured in bioassays with

all fish species from selected concentrations ranged from

8.8 mg/i (98% of saturation) to 3.8 mg/i (42% of saturation) .

The pH values ranged from 6.9 to 7.3 for all tests. As with

macroinvertebrate tests, the majority of the toxicity of DCPD

was observed during the first 24 hours of exposure (Tables 38

and 39).

Dissolved oxygen values measured during bioassays with fathead
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minnow for the egg and fry tests ranged from 8.9 mq/9 (99%

of saturation) initially to 3.3 mg/~, (37% of saturation~ at

the end of the tests. Initial and final pH values ranged f r om

6.9 to 7.3. The fathead minnow eggs at 144 hours of exposure

appeared to be unaffected at concentrations as h i g h  as 1 ,000

mg/~., exhibiting an 144-hour LC5O value of 2,390 mg/’ (Table

40 and 41) . By comparison , the 1-hour and the 7-day old fry

exhibited a greatly increased sensitivity , with 96-hour LC5O

values of >21.0<24.0 mg/P. and 12.0 mg/i, while the 30- and

60-day old fry exhibited similar but decreased susceptibilities

at 96-hours (86.3 and 103 mg/i, respectively) . The eggs ex-

hibit sensitivities approximately 75X less than that observed

for the fathead minnow during the completion of Task 1 (31.1

mg/i at 96 hours). This decreased sensitivity may be due to

the impermeability of the outer membrane of the eggs at this

time .

The concentration of dissolved oxygen measured during those

bioassays conducted under varying conditions of water quality

ranged from 8.9 mg/i (99% of saturation ) initially to 3.4

mg/i (38% of saturation) at the end of the tests . The pH

values for all parameters except pH 6.0 and pH 8.0 ranged

from 6.9 to 7.4. The values for the pH 6.0 test ranged from

6.1 to 6.4; while those for the pH 8.0 parameter ranged from

7.5 to 8.3.
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The 96-hour LC5O values observed for blueg ill exposed to

DCPD under various conditions of water q u a l i t y  appeared to

be similar  to the LC5 O’ s generated for b lueg i l l  in Task 1,

with the possible exceptions of the 15°C and 250 mg/P hard-

ness parameters (Tables 42 and 43) . Exposure to DCPD at

15°C resulted in an LC5O which was approximately 2X less

than the LC5O generated for bluegill in Task 1.

However , the LC5O’s resulting from exposure of blueg ill to

DCPD in water of various quali t ies  were genera l ly  s imi l a r .

The very hard (250 mg/i) water appeared to increase the

toxicity of DCPD, with a 96-hour LC5O of 14.2 mg/i. As in

all of the previous bioassays, the toxic action of DCPD

appeared to occur principally during the first 24 hours of

exposure .

Dissolved oxygen concentrations measured in selected concen-

trations at 0, A 8 and 96 hours of exposure for the Task 4

“Stability of Toxicological Properties” ranged from 8.8 mg/ i

(98% of saturation) initially to 2.7 mg/i (30% of saturation)

at the end of the tests. The pH ranged from 6.7 to 7.4. The

96-hour LC5O values for bluegill exposed to DCPD utilizing

various aged solutions appeared very similar , indicating

little or no toxicity increase or decrease due to aging of

test solutions (Tables 44 and 45)
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Those bluegill exposed to 1.00 mg/i ‘“ C-DCPD during the

bioconcentration study (Task 5) appeared normal , fed

readily, and generally showed no signs of stress due to

chemical toxicity . The mean measured concentration of

‘“ C-DCPD in the water through 14 days of exposura was 0.98

± 0.25 mg/i.

The results of the analyses of edible portions of blueg ill

sampled during the 14 days of exposure are summarized in

Table 46. Radiometric analyses indicate that the mean

measured concentration of ‘“ C-residue was 50.73 
— 

6.43 mg/kg

and was calculated for the period of apparent equilibrium

(days 2-4). The estimated maximum bioconcentration factor

for bluegill exposed to ‘“ C-DCPD is 53X. Between this period

and the end of the exposure (day 14), the mean measured ‘“ C-

residues appeared to generally decrease . Within 24 hours

after transfer to flowing , ‘“ C-DCPD-free water , the mean

measured concentration of ‘“ C—DCPD in the muscle portion of

bluegill decreased to below the minimum detectable limit of

5.00 mg/kg.

In terms of compounds known to be hazardous to the aquatic

environment (e.g., DDT, dieldrin , heptachlor , hexachlorobenzene ,

Aroclor 1254, dioxin , methyl mercury, toxaphene), all of which

have demonstrated bioconcentration factors of >8 ,000X and time



28

to reach equilibrium of >14 days (Macek et al., 1975), it

appears that the potential of DCPD to bioconcentrate is

slight.

-J
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Table 1 -- Physical characteristics of two compounds evaluated in

bioassays conduc ted at E G & G , Bionomics. The diiso-

propylmethyl phosphonate (DIMP) was received from

R ichmond Organics , R ichmond , Virg inia. The dicyclo-

pen tadiene (D CPD) was received f r o m  A ldr ich Che mic al

Company , Milwaukee , Wi sconsin .

Physica l  Date Iden t i f y ing Percent
Compound charac teris tics received ~Jumber A ctivi ties

DI M Pa clear l iquid 8/21/75 A00 G 98 .5 %

DIMp a clear liquid 10/10/75 - 98.5%

DIMPb clea r l i qu id  1/23/76 — 98 .5~

DIMP C clear liquid 2/2/76 Lot #L-78 98.5%

DIM pc clear liquid 2/24/76 - 98.5%

DCPD clear  liquid 8/29/75 022457 95%

a
Tested as lot #1.

b
Tested as lot *2.

c
Not tested .
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TABLE 2 .  RE COMMENDED RECONSTITUTE D FRESH WATERS

Table 2a -- Quantities of reagent-grade chemicals required to prepare
recommended recons tituted f resh  wa ters and the res ul ting
water qualities.

Water quality of reconstituted
Salts required (my/l) fresh water

Name NaHCO~ CaSO , . 2H~O MgSO , ~~~ ~11a Hardnessb A 1k~ ljfljtyC

very soft 12 7.5 7.5 0.5 6.4—6.8 10—13 10 13

soft 48 30.0 30.0 2.0 7.2—7.6 40—48 30—35

hard 192 120.0 120.0 8.0 7.6—8.0 160—180 110—120

very hard 384 240.0 240.0 16.0 8.0—8.4 280—320 225—245

Table 2b -- Quantities of reagent-grade chemicals to be added to aerated
soft reconstituted fresh water for buffering ~H. The s o l u t i o n s
were not aerated after addition of these chemicals .

Mil l i l i t e r s  of solution for  15 l iters of wa te r
1.0 N NaOH 1.0 M KH PO 0.5 M H B O ,~

6.0 1.3 80.0 —

5.0 30.0 —

7.0 19.0 30.0 -

7 . 5  — — —

8.0 19.0 20.0 —

8.5 6.5 — 40 .0

9.0 8.8 — 30.0

9.5 11.0 - 20.0

10.0 16.0 - 18.0

a
Approximate equilibrium pH after aeration and with fish in water.
b
Expressed in mq/~ as CaCO~ .

C
App roximate equi l ib r ium PH with f i sh  in water .
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Ta ble 3 — —  Summary of  i lcii l i t  d L ‘ i i n ]  LC5O v a l u e s  iii I )5% eon I i i  inc Ii m i  t ‘ 1

e c i~~s ot  a l q d J , i nv ~~r t br~ t t . n , amid f i s h  (of  v ar i ~~un I i  ~~~ ut~ n ;’cn n

under  d i f f e r e n t  w i t r n w i l  t t y  ‘ o n n dj t i o n s )  ( x])os c1 t n  W iso }e] y l w  t h y !

p h o s p hon at i ’  ( D I M P  • lot # 1 )  it t e r m i n a t i o n  ‘t  xp  n u r

S!e c i s c . n l c u l a t ’ i  EC5O e n d  LC5O v i i i ’: ;  (11 ; ~e t  i v 1 t i 4 r ’ ] l e i nt / ~~ )

“ — h  u n  EC5IJ
A 1~~ i e : ~1~~c i e s  D e ci c u s e  of  c t i l c r u ph y l l  a~ D e c r e u : ; ’  ‘ t  e • ’ I i

1, 8 2 7 ( 7 1 4 _ 4 , 677) d 2 , 2 H ( 3 4 2 - 5 , 2 8 3)

. b u i n u  ] l o ’ — u ~j~~ 6 , 3 3 4 ( 4 , 649—8 , 644 )

_____ 
2 , 3 0 1 ( l , 3( 3 — 3 , 38 1)  2 , ’ 2 3 ( l , ’ t 7 — 5 , 311)

~~~~~~~~~~~~~~~~~~~~~ 2,045(853—4 ,923) 2 ,345(74O—5 ,’~4’)

iii v crt ’ k rate Species 48—hour LC5O

Daphnia rnaq~a° 7 (222— 321 )

; -imrndrus fasciatus 1’ 494(404—605)

Jksellus r r n i l it ar i s e 2,160(l ,760—2 ,(~40)

Chironomus tenitans e 1 ,720(1 ,2i fl-2 ,330)

Fish Species 96-hour LC5O

Lej om is macrochirus~ 4o~ ( 3 t — 4 ~~~)

Ictalurus punctatus~ 285(224- ~i 2 )

Pimep hales promo las ~ 479(408- ni 3)

Salmo jin  r inn i ii (538—7 Pn )



Table 3 -— Continued.

Calculated EC50 and LCbO values (mq i t ive m u  l i n t  / . )

Fish/Life Stages I~~~-h : LC~0

Pimephales promelas/ 475 (2~ 5-7~~3)
eq js

9 t ) — h o n i r  1~ 0

i i m j ~hn 1 e s  promelas/ >1 , 000
1 — h ou r  f r ’9

Pimepha les  promelas/
7-day f r y 9

~ irnc l~h u 1 i s ]romulas/ 635 ( 5 2 4 — 7 6 9 )
30- 1 iy  f r y 4

Pimephales promelas/ 641(548—749)
60-day f ry~

Fish/Wa ter Quality 96-hour LC50

Lepomis macrochirus/ 464(381-565)
15°C

Lepomis macrochirus/ 481(394-588)
20°C

Lepomis macrochirus/ 257(202—328)
25°C

~ j o rn1s  macrochi rus/  438(361— 532)
35 m;/~ hardness

Le pomis mnacrochirus/  8 4 9 ( 7 2 7 - 9 9 3 )
100 mq/Z hardness

Lepomis macrochirus/ >1 ,000
250 mg/P ha rdness

Lepomis macrochirus/  527(441—631)
p11 (~.O
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Table — —  cen t  i nued

Species Calculated E(’SO and LC50 va l ues (mq active inigredi ent/V4

Lepomis macrochirus/ 435(353-537)
p11 7.0

Lepomis macrochirus/ >750<1 ,000
P~ 8.0

F i s h / Ag e  of Solut ion 96-hour LC5O

Lepomis macrochirus/ 353(290—430)
0_hourh

Lepomis macrochirus/  4 0 5 ( 2 i ’ — S S O )
8_hourh

Lepomis macrochirus/ 425(315-572)
24- hour h

Lepomis macrochirus/ 452(368—572)
48_hourh

Lepomis macrochirus/ >750<1 ,000
96- hou ~h

a

criterion for effect was reduction of in vivo chlorophyll a of exposed algae as
compared to controls .
b

r i ~~r r i on  for effect was decrease in number of cells o f  exposed al gae as compared
Ic c o n t r o l s .

C

Bioassays conducted at 21 4- 1.0°C.
d

~t5~ n ) n n f l d e nce i n t e r v a l .
e
Bioassays conducted at 20 + 1.0°C.

f
Bioassays conducted at 21 + 1.0°C for the blueqil l , channel catfish , and f i t inead
minnow , and at 12 + 1.00C for the rainbow trout.
9
Bioassays conduc ted at 25 + 1.0°C.

h
Bioassays cenn;]u ;t m d  it 21 4- 1.0°C.
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Table 4 -- Calculated 96-hour EC5O’ s for Microcystis aeruginosa,

Anabean flos-aquae, Selenastrum capricornutum and

Navicula pelliculosa exposed to di isopropylme thyl

phosphonate (DIMP, lot #1) . Cr i t e r ion for  e f f e c t

was reduction of in vivo chlorophyll a of exposed

algae as compared to controls after 96 hours of

exposure.

96-hour EC5O 95% confidence limits
Species (mg/f) (mg/i)

M. aeruginosa 1,827 714—4 ,677

A. f los—aguae 6 , 334 4 , 6 4 9 — 8 , 644

S. capricornutum 2 , 301 1, 363 -3 , 881

N. pelliculosa 2,045 853—4 ,923
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Table 5 -- Calculated 96-hour EC5 O ’ s for Mic rocyst is  aerug inosa,

Anabeana flos-aguae, Selenastrum capricornutum, and

Navicula pelliculosa exposed to diisopropylmethyl

phosphonate (DIMP , lot #1). Criterion for effect

was decrease in number of cells of exposed algae as

compared to controls a f t e r  96 hours of exposure .

96—hour EC5O 95% confidence limi ts
Species (mg/f) (mg/i)

M. aerug inosa 2 ,234 942—5 ,283

A. flos—aquae 6,107 4 ,696—7 ,944

S. capricornutum 2 ,623 1,297-5 ,311

N. pelliculosa 2,345 740—5 ,946
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Table 6 -- In vivo chlorophyll a concentration ( % rela tive to

controls) in Microcystis aerug inosa dur ing, and cel l

numbers (% relative to controls) after , 96 hour ex-

posures to di isopropylmethyl  phosphonate ( DIMP , lot

#1) in a static bioassay .

Nominal Percentage change
concentration Chlorophyll a Cell no.

(mg/f) 24-hour 48-hour 96-hour 96-hour

contro l a — - -

303 —2 —7 —8 — 3

947 —7 —9 —22 —21

1,704 —12 —31 —41 — 38

3,030 —25 —45 —55 —5 1

5,302 —38 —55 —90 — 92

9,468 —46 —73 —95 —91

17,028 —47 —82 —97 —95

30,298 —62 —88 —100 —100

a
Represents unity ; percentage calculated .
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Table 7 -- Calculated EC5O’ s for Microcystis aeruginosa

exposed to diisopropylmethyl phosphonate (DIMP ,

lot #1). Criterion for effect was decrease of

in vivo chlorophyll a of exposed algae as compared

to controls.

EC5 O 95% con f idence l imi ts
Ho ur ( m g/ f )  ( m g / n )

24 14,297 2 ,073—98 ,4 7

48 4,223 1,316—13 ,539

96 1,827 714—4 ,677
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Table 8 -- In vivo chlorophyll a concentration (% relative to

controls) in Anabeana flos-aguae during, an d cell

numbers (% relative to controls) after , 96 hour ex-

posures to diisopropylmethyl phosphonate ( DIMP , lot

#1) in a static bioassay.

Nominal Percentage change
concentration Chlorophyll a Cell no.

(mg/f) 24-hour 48-hour 96-hour 96-hour

control a - - -

3,787 0 +1 —4 —6

4,734 0 +2 —21 —14

5 , 96 5 —3 —29 —38 — 3 0

7,480 —11 —63 —87 —91

9 , 468 —40 —83 —95 —98

11 ,930 —53 —87 — 91 —95

15,149 —47 —89 —98 — 95

a
Represents unity ; percentage calculated .
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Table 9 -- Calculated EC5O’s for Anabeana f los-aquae expo~ ed

to diisopropylmethyl phosphonate (DIMP , lot #1) -

Criterion for effect was decrease of in vivo cliloro-

phyll a of exposed algae as compared to controls.

96-hour EC5O 95% confidence limits

Hour (mg/i) (mg/f)

24 13 ,066 6,874—24 ,711

48 6,950 3 ,266—14 ,202

96 6,334 4,649—8 ,644
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Table 10 -- In vivo chlorophyll a concentration (% relative to

controls) in Selenastrum capricornutum during, and

cell numbers (% relative to controls) after , 96 hour

exposures to diisopropylmethyl phosphonate (DIMP ,

lot #1) in a s ta tic b ioassay .

Nominal Pe rcentage change
concentration Chlorophyll ~ . Cell no.

(mg/2) 24—hour 48-hour 48-hour 96-hour

control a - - -

303 — 2 —2 —2 +4

947 —5 —4 —5 +1

1,278 —7 —12 —2 0 —12

1,704 —5 —28 —3 9 —29

3 , 030 —25 —65 —71 — 7 3

5,302 —20 —60 —89 —80

7,101 —32 —71 — 95 —88

9,468 —60 —91 —99 —96

a
Represents un i ty ;  percentage calculated .
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Ta ble 11 -- Ca lcula ted EC5 O’ s for Selenastrum capricornutum

exposed to di isopropylmethyl phosphona te (D1M!~,

lot #1) . Criterion for effects was decrease of in

vivo chlorophyl l  a of exposed algae as compar ed

to cont ro ls .

96-hour EC50 95% confidence limits
Hour (mg/2) (mg/ )

24 12 ,876 1,335—124 ,030

48 3 ,304 1,515—7 ,186

96 2 ,301 1,363—3 ,882
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Table 12 -- In vivo chlorophyll a concentration (% relative to

controls) in Navicula pelliculosa during, an d cell

numb ers ( % rela tive to con trol s ) af ter , 96 hour ex-

posures to diisopropylmethyl phosphonate (DIMP , lot

#1) in a sta tic b ioassay .

Nom inal Percen tage change
concentra t ion Chlorophyl l  ~~, Cell no.

(mg/f) 24-hour 48-hour 96—hour 96-hour

control _ a 
- - -

303 0 —4 —3 — 6

947 0 —17 —31 —33

3,030 —2 —24 —50 —46

3,977 0 —47 —69 —60

5 ,302 —12 —59 —65 —62

7,101 —4 6 —87 —98 —97

9,468 —87 —98 —100 —100

a
Represents unity; percentage calculated .
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Table 13 -- Calculated EC5O ’s for Navic ula pel l icu los a ex posed

to di isopro pylme thyl  phosphon ate ( DIMP , lot ~ 1) -

Criterion for effect was decrease of in vivo chloro-

p h y l l  a of exposed algae as compared to cont r ol s.

96—hour EC5O 95% confidence limits
Hour ( m g/ f )  ( mg / f )

24 7 ,006 447—10 ,983

48 2,97 3 1,212—6 ,448

96 2 ,045 853—4 ,923
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Table 14 —- Acu te to x i c i t ya of diisopropylmethyl phosphonatu (DIMP ,

lot #1) to water fleab (Daphnia magna) , scudc (Gammarus

fasciatus) , sowbugd (Asellus militaris) , and midqe

larvaee (Chironomus tentans) - These data are based on

results of bioassays conducted at the Aquatic Toxicology

Laboratory of E G & G , Bionomics , Wa reham , Massachusetts .

No d iscer n i b le
e f f e c t  leve l

LC5O (mg active ingredient/2) at 48 hours
Species 24-hour 48-hour (mc/ )

D. magna >420 267 180
(222—321) ~

G . fasc ia tus 1,070 494.0 320
— 

(584.0—1 ,950) (404.0—605.0)

A. mili taris 3 ,62 0 2 ,160
— (1 ,820—7 ,160 ) (1 ,760—2 ,640)

C. tentans  3 ,700 1,720 —

(1 ,800—7 ,930) (1 ,260—2 ,330)

a
All bioassays conduc ted at 2 0 ± 1 .0°C.

b
Water flea < 24 hours old at the initiation of t sting .
c
Scud in juvenile state at the initiation of testinq.

d
Sowbug in juvenile stage at the initiation of testing.

e
Midge larvae in second-third instar at initiation of tn stinq .
f

9 5% confidence interval.
g
Mortality observed in all concentrations (1 ,200—3 ,700 ppm) tested .

-J
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Table 15 -- Concen t r a tions tes ted and cor respond inq observed p~~r—

centage mortalities (based on the average of 3 repl i-

cate exposures) for water flea (Daphnia magna), scud

(Gammarus fasciatus) , sowbug (Asellus mi litaris) , and

midge larvae (Chironomus tentans) exposed te  diisopropyl-

me thy l  phosphonate (DIMP , lot ~tl) after 24 and 48 hours.

Nominal concentration % mortality observed
Species (mg active ingredient/~~) 24-hour 48-hour

D. magna 420 0 100

320 0 90

240 0 20

180 0 0

140 0 0

control 0 0

G. f a sc i a tus  1,200 67 100

1,000 40 100

750 13 100

560 7 33

420 13 27

320 0 0

control  0 0
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Table 15 -- Con tinued.

Nominal concentration % mortality observed
Species (mg active ingredient/i) 24-hour 4 8 - h o u r

A .  m i l i t a ris 3,700 47 100

2,800 20 60

2,100 7 27

1,600 0 40

1,200 0 20

control 0 0

C. tentans 3,700 53 100

2 ,800 7 87

2,100 7 53

1,600 0 40

1,200 0 20

control 0 0
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Table 16 —— Acute toxicity of lot ~ I arid I t  ~ 2 ot  d i i  so~ r o n - y l i n e t h y l  ! - l i ’ H n e n i m t

(DIMP ) to bluegill 1 (lepomi s macn r 1 n ir u s )  , h u r ~~ ’ 1 c i t  I i  s } i 1 ( I -  u r u s

punctatus) , fathead minnowC ( P i r n ) h 1 1 : e m  las) and n i l  i n I w I c u t

(Salmo gairdneri) after 24, 4 and t I  h ou n  n 01 x ( -nn r - r h c  l i t  i

are based on b ioassays  con l u c t - i  a t  t h A q i l t  n c  Tox ico logy  l i l .  r u f  n y

of E G & G , Bionomics , W i r ham , M u : ; s ; m ; -h :u i t ; .

N i i - n - r  n i l  Lie
0 1 -  t 1 - v - i

LC5O (milligrams active ingredient /liter ) m t  96 n urc

Lot $/species 24—hour 48—hour 96 —In-cnn ( i n n - m I

lot #1/ >1 ,000 500 4u6 121 )
blueqi 11 (419—596) e ~

lot tL~/ 1,780 1,700 1 ,570 1 ,4)0
h l c u i l l  (1,580—2 ,010) ( 1 ,500—1 ,930)  (1,370—1 ,800)

lot #1/ ~J ,000 >650<750 2H 5
channel c a t f i s h  ( 2 2 4 — 3 6 2 )

lo t  *2/ >1 , 800<2 , 100 1 , 800<2 , 100 < 1 , 4 ( 10  -
,

channe l c a t f i s h

i t  #1/ >1 ,000 >1 ,000 479 3 2 n 1

f athead minnow (408—563)

lot *2/ 1,770 1,770 1,770 1 ,4
fathead minnow (1,320—2 ,370) (1,320—2 ,370) (1 ,320—2 ,370)

lot *1/ >1 ,000 >750<1 ,000 t 3 1 560
rainbow t r o u t  ( 5 3 8- 7 4 0 )
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Table 16 -- Continued .

N di - ; - - - i n n  hi -

c i t -  - t leve l
i~~50 (m i l l i grams a c t i v e  i n g r e d i e n t/ l i t e r)  i~ n’ hour ;

Lot ~/s)ec1cs 2 4 — h o u r  4 8 — h o u r  9 6 — h o u r  i n ; :

lot *2/
rainbow t r ou t  1 , 820 1, 540 1, 300 870

(1 , 360—2 , 420)  (1 , 210— 1 , 9 ( 1 1 )  ( 8 7 5 — 1 , 15 0)

a
Bioassay conducted at 21 + 1.0°C, mean wet we ight of bluegill was 1.1 q.

b
Bioassays conducted at 21 + 1.0°c, mean wet weiqht of c h an n e l  c a t t i s h  wI: ; 1.3 ~~.

C

Bioassays conducted at 21 + 1.0°C, mean wet wei ght of fat in - j i f l h l n i w w i  1. -i q .

d
Bioassays conduc ted at 12 + 1.0°C , mean wet wei ght of rainbow ti - i t woo 1.’ g.

e
95% conf idence  i n t e r v a l .

f
M o r t a l i t y  observed in al l  concent ra t ions  ( 1 , 400-3 , 200) t e~~t~~~1.
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Table 17 - -  Concentrations tested and corresponding observed per-

centage mortalities for bluegill (Lepomis macro chirus)

channel catfish (lctaiurus punctatus ) , f a t h e a d  m i n n o w

(Pimephales promelas) and rainbow trout (Salmo ga i rdncri )

exposed to lot #1 and lOt #2 diisopropylmetIi~’1 phosphona te

(DIMP ) for 24 , 48 and 96 hours.

Nom inal
concentration % mortal ity observed

Lot */species (mg/f) 24-hour 48-hour 96-hour

lot #1/ 1 ,000 0 100 100
bluegill

750 0 100 100

560 0 50 100

420 0 40 70

370 0 0 20

320 0 0 0

control 0 0 0

lot #2/ 2,400 100 100 100
blue gil 1

1,800 30 70 ~00

1,600 30 70 70

1,400 0 0 0

1,000 0 0 0

control 0 0 0
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Table 17 -- Continued.

Nominal
concentration % mortality observed

Lot #/species (mg/f) 24-hour 48-hour 96-hour

lot #1/ 1,000 0 100 100
channel catfish

750 0 100 100

650 0 0 100

370 0 0 100

280 0 0 70

240 0 0 0

control 0 0 0

lot #2/ 3 ,200 100 100 100
channel catfish

2 ,400 100 100 100

2,100 100 100 100

1,800 0 0 100

1,400 0 0 100

control 0 0 0

lot #1/ 1,000 0 0 100
fathead minnow

750 0 0 100

560 0 0 30

420 0 0 30

37 0 0 0 20

320 0 0 0

control 0 0 0
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Ta ble 17 -- Con tinu ed.

Nominal
concentration % mortality observed

Lot #/species (mg/i) 24-hour 48-hour 96-hour

lot *2/ 3,200 100 100 100
fathead minnow

2,400 100 100 100

1,800 70 70 70

1,400 0 0 0

contro l 0 0 0

lot #1/ 1,000 0 70 100
rainbow t rout

750 0 0 100

650 0 0 90

560 0 0 0

420 0 0 0

control 0 0 0

lot #2/ 3 , 200 100 100 100
rainbow trout

2,400 100 100 100

1,800 30 30 100

1, 400 0 30 30

870 0 0 0

control 0 0 0
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Table 19 -— Concentrations tested and c o r r e s po n d i n g  observed V-r c -n ta (J e  morta  l i t  I

(~~n i i  i c r  centaqe hatch at 144 hours) for o~- 1:i: t -d l i t -  s t I l - : ;  1 , 1  I i t  I

nnunn ow (Pimephales promelas) c-xposed to di i or ; n  r i  -~ t mcr th y1  I t i r : ; ) n r i r a t o

( D I M P )  lot ~ I and lot #2 for  24 , 48 and 96 hour s  (eggs t 144 l i m o) -

Nominal
Lot U/ concentration % mortality observed ~ ha tch
i i  f :  otaqe (mq/ ~~) 24—ho ur 4 8 — h o u r  96—hour  1 4 4 — h o u r  1 4 4— h o u r

lot #1/ 1 ,000 0 0 83 17

750 0 0 50

560 0 0 63 3*

420 0 0

320 0 0 73 27

240 0 0 17 5 3 b

180 0 0 17

100 0 0 0 1’) ’)

contro l 0 0 0 100

l ot  #2/ 5,600 100 100 1 1) 0  0

‘._ - qgs~
4,200 0 73 100 1)

3 , 200 0 0 33 0h

2,400 0 0 20

1,800 0 0 37 0b

1, 400 0 0 17 4 ) 1

control 0 0 0 100
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Table 19 -- Continued.

Nominal
Lot #/ concentration 

_____ 
%~~~~1~~~~~~ it~~~ o Ij o r - r v , - i  

- 
i i , t

life stage (mg/f) 24—hour 48—hour J( — h r r u r  1 - 1 - 1 — l i -  i i  1 - 1 4 - H ; n

lot #1/ 1 ,000 0 0 0
1-hour old

320 0 0 0

100 0 0 0

control 0 0 0

lot #3/ 3,200 100 100 100
1-hour oldc

2,800 100 100 100

2,400 100 100 100

2,100 100 100 100

1,800 0 0 0

1,400 0 0 0

control 0 0 0

lot *1/ 1,000 10 10 15
7-day old fryC

750 0 15 25

560 0 0 0

420 0 0 0

320 0 0 0

control  0 0 0
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Table 13 —— Cont i iIU~~r 1 .

Nom ina l
Lot #/ c o n c e n t r a t i o n  % mortality rrlrr -i r r V r - 1  ~ S m t r : h

life staq~- (mg/f) 24—hour 48—hour 0 —S em i l44— Imrrrit 144-L eo

lot #1/ 1 ,000 80 100 100
L — - l ’ . y  f r y °

750 0 20 80

560 0 0 25

- 120 0 0 0

320 0 0 0

control 0 0 0

lot ~l/ 1 ,000 20 100 101 1

60—day fryc

750 0 100 100

650 0 0

560 0 0 0

420 0 0 0

control 0 0 0

a
Ba sed on a mean of 3 r ep l i c a t e  exposures .

b
Re m a i n i n g  percentage of l ive a n i m a l s  were unh~i tched ( “ -y . - d — u p ” )  -

C

Based on a mean of 2 replicat - exposures.



Table 2 ( 4  — —  A c u t t -  t o x i c i t y  of d i i :;  r~~ n - r ~ i rir : ( m 7 ’l hosp h o r m at  - ( D I M I ’ , lo ’ * 1 )  i

b i t e  -q il]H 1 I ’ - i r m i  — m i r , - : n u s )  u i i i -  c V a t  yimi q coi l i t  l O u ) ( i f  w i t  ‘ - r

q u a in t ’ : . These SI t e I n : -  based ‘em r ’ - s u l t  s 01 as ; i i - ;  c o ; r i r i t , - - l  r i

the A q u a t i c  T O x n r 1 ~~~n y I , ibr r i t - - i : U t  i- G -~ G , B j r n , o m i c s , W r r - - 1 r , i : , ,

s i - h e r r :  - t 1; 5

J r  -

C~ I I - - t I r ‘j; 1
Water 1 , 7  (milligrams a~:t i ye i r r - j n ’ d i e r m t , lt t  r )  i t  i i  h c , m r -

- I I I  i t- ;  .~4—hour 4 5 — i m e r m n  35—h our ( r n - I ~ . )

15 0C > 1 , 000 1 , 000 - 5 - 1  12 ( 4
( 3 8 1 - s5) 5

20°C >1 ,000 641 -15 1 1~~r t
( 5 2 8 — 7 7 o )  (

~ 3-1— 500 )

25°C 634 368 257 1 4 -
(521—773) ( 2 - 3 5 — 4  33) ( 2 1 ) 2 —  3 2 0 )

35 mq/~ >1 , 000 6 1)  438
hardness (518—789) (351—532)

100 mg/ c  - 1 , 000 - 1 , 000 5 4 4  7 5 i j
h a r dn e s s  ( 7 2 7 —  ~ ‘ 3 )

250 mg/ f - 1 , 000 > 1 , 000 >1 , 000 1 , 000
hardness

p11 ‘ .0 ~ I , 000 11) 527 1 5 4

( 5 3 3 — 8 8 4 )  ( 4 4 1 — ( 3 1 )

pH 7 . 0  > 1 , 000 57 1 - 135
( 4 1 0 — 7  / 4 )  ( 3 5 3 — 5 3 7 )
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Table  21 -— Concentrations tested and corro’sporiIin’j ob s i rr v - ’ l  1)01-

ce n ta qe mortalities f o r  b l u eq i l l  (~~~ 22~~~ s mn a c r o c l i tr u s )

exposed to 1~ >t #1 d i i s o p r o py lm e t l iy l  phosphor -it - ( D I M P )

fo r  24 , 48 and 96 hours under varyinq wat t r~ u m I I t  ft-s .

N o m i n a l
Water concentration % mortality observu l 

____

iualit--,’ (m’~
/
~-) 24—hour 48—hour 96—hour

15°C 1,000 0 30 100

750 0 0 100

560 0 0 80

420 0 0 50

320 0 0 0

control 0 0 0

20°C 1,000 0 100 100

750 0 70 100

560 0 20 50

420 0 0 40

320 0 0 0

control 0 0 0

25°C 1,000 100 100 100

750 70 100 100

560 30 100 100

420 0 80 100

320 0 20 SO

240 0 0 10

140 0 0 0

c -oiit rol 0 0 0
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Table 21 -- Continued .

~omina1
W a t e r  concentration % mortality obs er ed
quality (mg/ . ) 24—hour 48—hour 96—hour

35 mq/-~ 1 ,000 0 100 100
hardness

750 0 40 100

560 0 50 70

420 0 0 20

320 0 0 10

240 0 0 0

control 0 0 0

100 mg/ ; 1 ,000 0 20 100
hardness

870 0 0 80

7 0  0 0 0

560 0 0 0

420 0 0 0

c o n t r o l  0 0 0

250 mg/ -’- 1 ,000 0 0 0
h a r d n e s s

750 0 0 0

160 0 0 0

42 0 0 0 0

r~nrtro1 0 0 0
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Table 21 -- Continued .

Nom inal
Water concentration % mortality obsc-rvcd
quality (mg/ I’) 24—hour 48-hour 96-hour

pH 6.0 1,000 0 100 100

750 0 10 100

560 0 0 50

420 0 20 10

320 0 0 0

contro l  0 0 0

pH 7 . 0 1,000 0 100 100

750 0 100 100

560 0 10 40

420 0 0 40

320 0 0 20

240 0 0 0

con trol 0 0 0

pH 8. 0 1,000 0 50 50

750 0 0 0

560 0 0 0

4 2 0  0 0 0

con trol 0 0 0
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T ab I - 22  — —  Core -~~t r - i t  m o n o  t ’ - r ; t - r (  and - i ?  i - o ! r r ( , j l r r ) l~ - ’ - u v - -- l  
~~

- c -  ti t a t  t O r t e t-

it i -: for b lu eq ili’ (L epomis macroch~ r tmr ; \ - x t r r ; - - i  i d i  i r ~t r 1 ’ c ’ p y I rrr  t h y I

p h o ; q J i r r t m a t : - ; i r I ~ t i  , lot # 1 )  i~~~i ‘4 , -10 d i i i i i  1 m w  ; o t t !  [ O u r 1  i i i

-i q ’-~ l - ; r , I u t i o n s .  These l i i i a r t -  1 are. - I on lj ’ ’ c e ~~j ,’s con i , l r i - t , - r 1  m l  t ( , -

Aq u a t i c  1 r X i - ; r o l ’ - O ty L a b e r i l  t r y  of E C o C, i - i i r , r , r r r r i c ; , S i t  - - l i - e r - , ‘-I -~-

- h ;m ; - - ; - t t ;  -

S - I i  r o e - i  ii I C
I -  v - I

Aqr -  i f  l 5 O ( mi l l i g r a r n o~~) t i v ’ - i n g r e d i e n t/ l i t ’  o )  ~~t : ; r c ) 7  -
solutmon 4—hour -10—hour 96~~~r r l i t ( r i - i - .)

0--hour >1 ,000 >560<750 353 :1
(: 3o_ 3 30)1’

5—hour - - 1 ,000 547 4 { ’ - 125

( 40 - 7 4 7 )  ( t - t o - 7 5 )

4 — )  - i i  - 1 , 000 541 4 - 7  321 )
( - 147 —1 ,55 )  ( 3 1 5 — 5 7 0 )

-1 5— h o u r  753 570 4’2 -

( 5 5 2 — 1  , 030) (4 4 — 7 1 5 )  ( 1 1 5 — 72 )

“ ‘— h o u r  > 1 ,000 ~ 1 , 5013 i .755- 1 • (100 7 5 )

H i r o i s s a y s  : ‘rclucted at  21 + 1 .0 °C , m r - a n  wet wr i gh t  of h i r i l i l l  W e :  1 . 1  0 .

,q m t 1 1 . - r i c O  i c i t .  - i - 14 1  -
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Ta ble 23 —— Acu te  t o x i c i t y  of d i i s op r o py l met h yl  phosp h o r - i t  ‘ - ( I r I . ’
~1I ,

lot ~11) to bluegill (~~ j~2mis ma crir hirus) i t  b r  ‘t O --

hours -atilizing various aqo’d solti t i ’ inmre .

,Sominal
Age of c o n c e n t r a t i o n  i ’r r -e n t ~ e t -  m n o r t t l i t ,
so lu t ion  (m g / f )  2 4 - h o u r  - 2 ’ - I i ~~ u r  0 - l i  ui

0—hour 1 ,000 0 100 100

750 0 100 100

560 0 0 100

420 0 0 70

320 0 0 50

240 0 0 0

control 0 0 0

8—hour 1,000 20 100 100

750 0 100 100

560 0 60 100

420 0 0 80

320 0 0 0

control 0 0 0

2 4 — h o u r  1, 000 50 100 100

750 0 0 100

560 0 50 100

420  0 2 0 2 0

320 0 0 0

control 0 0 0



1> (,

Tabl e 2 3 -- Continued .

N o m i n a l
Age of corncentration percentage morta 1it~~so lu t ion  ( m g / c )  2 4 — h o u r  4 8 — h o u r

4 8 — h o u r  1, 000 100 100 100

750 20 90 100

560 0 0 4 0

420 0 10 20

320 0 10 10

240 0 0 0

control 0 0 0

96—hour 1,000 10 30 80

750 0 0 0

560 0 0 0

420 0 0 0

320 0 0 0

control  0 0 0



Table 24 -- Meana concen tr at ions of ‘~~C-diisopropy1methy1

p h o s p h o n a t eb ( D I M P , lot #2) measured in water md

blueg il ic (Lepomis  mac rochirus) during a 1- 1 - r b m y  ‘ix-

posure period and in b l u e g i l l  d u r i n q  an a d d i t i o n a l

7-day depuration period following transfer of fish

to flowing, ~~C-DIMP-free water.

Mean measured 1~~ C-res i ‘ ) r  - c on c e rm  t r a t  i o n
Day water (mq/2) 

- 
b l u e q i l l  (mc;/kq)

Exposure 0 177. 67 < 100

1 177.00 <100

2 176.50 <100

4 168.50 <100

7 172.00 <100

10 150.00 <100

14 145 .0 0 <1 00

= 166.67 (13.57) 01

Depuration 1 <100

3 <100

7 <100

a
Mean based on two radiometric analys&-s f ‘ i t  w r t ~ -r  and t hrr - o r i , !i~-
me tric analyses for fish.

b
M i n i m u m  P - t o et a ble  limi ts = 7.5 mg/ f for wat~-r and 100 m f t k~ f o r
f ish .

C
M oan w e i g h t  of  b l u eg i l l  was 3 . 0  g .

Standard deviation (t )



T~ h1e 25 — —  Sumr ~~i ry  • l r _ I  1.;(- r 1() ,
~ 1 , 5 1 1  vtlrr. - r ; - i T - I  154 . - , t , t  m r  ii ’ ’ l i m i t s  n

‘- ci - - - ‘ ii i i .  - , t r y .  - r t - - i ’ ’ : - , m d  t i sit I ut e m  i i - r i ; 1 i t -  tO , -

er r ’ - i i ’ - . t w i t .  t iu a l  i t  y cond i m r r e s  ‘ X )  ‘ , o - l  t ( ,  - I i  - - i  l o r i r  I , I i , - , , ’ -

(1) 1 1) ) i t  1 ’  r m l r i i t I - :  ot  - - x ~ o : i t ,  —

( T i l - - u l a t ’ - - I  EC5O a rid LC50 v a l e - s  ( i t - i  i t  j r ’ r -  r t r r - - - ! r . - r t -

0 5 — h i r e , -  EC 50

A l g e r -  ~ ; c1oe; Dec r ea s r of oh 1o~ ophy l 1 a” I~~ - r - r  a r e  o l c t - I l n u m k r e r-

Microcystis aeru9inos iC 31 (17_57) 0

Anabeana flos_aguae C 60(37-90)

S e l en a s t rum cap r i c o rn u t u m ’~ >100 d I l l )

N a v i -u l a  p el l i c ul osa C 5 l ( 3 8 — ’ , o )  5 3 ( 4 o — 7 0 )

I nvertebrate_ Species 40-hour LC50

Di r  i m i t i  magri a t 1 0 . 5 ( 8 .4 0 — 1 3 . 2 )

I rJrnJ~~ir L i  f d O’ f ld t UO 2 1 . 2 ( 1 7 . 1 — 2 6 . 0 )

A s e l l u s m i l i t m r r s ~ 15.0 (12 .2— 18.3)

‘~~~~r (,r~~5rI ;K t i _ t r i m

F oh Sj i r r e i ; s  S r — t i r ’ u r  r h  i

~~ j~gmi s m a r —- ’c h i r u s 1’ 2 3 .  t ( 17 . r , - 3 0 . l )

t ’ - t i l ur u s  pun ct a tu s t 1 5 . 7 ( 1 3 . 8 — 1 8 .0)

- j r r . r n . - i . i : ;~ 3 1 . 1 ( 2 3 . 0 — 1 0 . 0 )

S,i l m’r - j i i ? r 1 r ~~-ri
t 15 .9 ( 1  3. 1) - 1 . 5)

-J



Tab !- ~‘5 — —  e r r  t I t O . - !  -

1!. ~~~~ i l e i l i t , ) 5050 a r - I  5 5 0  v a l :i - : (to - ) , - - t iV , - ) r m i t ’ - r J t r - r i t - - ,

510 5, 1 1  f t  O tj q , ”; 1 4 4 - h ou r  55 0

- - - ‘ ) m ; L o J  2 , (0(1 (1 , ) 2 1  — 2 , -O, (
- 1 1 - t

5 — h o u r  l i S t )

L l t >j ~~i c i 1 r ~~~ L~~~~~~~~~~~° - - 2 1 . 0 < 14 . 0
1 — h o u r  f r -H

Picr iephales  j r r i m t l a o /  12 .0 ( 10 0 — l - l . 2 )
7-day fry~

F i r  m l t ~~ 1- r i , m - l a r e -  86. 3 ( 7 4 . 0 — 1 0 1 )
3 0 - l i ’, f r v

1 rnej~ m a 1 ’ - o  ftr0riul-~~~S/ l 0 3 ( 1 i2 . u ,_ 17 1)
) i ; r - day  f r y 1

Fis}-i/Watrer ~ uai ity -t m t — i v i r i r  11 50

i ’7j~~m i s  ~~~c r o c h i r :m - ; /  - 1 i . 5 (  17 . 5- ’r O .  2)

i j i o r  I m a c r och i ru s/  3 1 . 7 (2 3 . ” — -3 2 . 5)

20°C

:~~-j~ r m r  m a cr o ch i r u s/  37 . ’ , ( 3 3 . 7 — - 1 2 . 0 )

J , ’ j - i)tTl i~~, m i ’ ru lii r ure/ 3 4 . 8 ( 2 1 --t . r l — -1 . 1 . 0 )
35 rr ~~ -’ . herdr ‘ -roe

L’-j -orni - ; rna -r o e n i r u~ / -1 - 1 .0 25 .0
1 5 1 1  rn ’ ;/  I i i  r i r , e s ~

1~~~j o r r l i ; c c r m c r o c 1 m l r r m s /  14 .2 ( 1 1 . 5 — 1 7 . 1 )
1 0  r r r-)/ li , i r rlrmer-r :r



Table 25 — —  Con t- i r m r i . - I .

S~ ’e c i t r ~ C a l c u l , i t - ,l 1 - 1 5 1  l i i - !  Li SP V i i i ’ S ( m t  i- ti ’!’ - i r , j r ’ - ~l i - : t / 0 )

1. - t u ni s  r r r i - r i i c h i r i i o 1  2 7 . 0 ( 2 3 . 0 — 3 2 . 4 )

~- Il  6 .0

i e ) r i m f l i S :1 i - ~~~~~~ i ri i i  m ; j  3m — 8(30.~~— -;4. 3)
pI t 7.0

Lepom i s m i i : r o -h i r u e /  2 4 . 2 ( 1 9 .  3— 3 0 . 1)
p8 8. u

F ish/Age  of _ S o l u t i o n  “i~~~i i i  1 :50

L~ j -u n i o  mac r o ch i r us/  2O r j ( 2 ’ . 7 — 3 , . i )
0 — e - r r ~~

Lej~~~~~~macrochirus/ 2 3.4(17.2~~3l. )
o_hour h

L i - r o t s  m a c r i c h ir u s /  2 7 . 1 ( 2 2 . 1 3 2 . - I )- -- --I— 5 , ~ ~r - ‘

I ’ j i m i e  macrochirus/  3- 1 .1, (2 0 . - I - .4 )
1 i - I — l i e u r 1

i~~- r e ’ ) r n i ; m ac -r o c h i r u s/  - 1 4 . 3 ( 3 I ( _  L i

5) —ho m r

a
1~~~~~! I r e - I - i l  i t  11 4- 1 .00C.

‘r u - n o n  f r  e f t -~ - t  was r i - l i m i t m u m  in vivo chli ,ror li-/ li a - i f  , -X 1 .n o i - i - i l - r i -

- - r i m l - i r ’ - J  t i  cont c - I s .
C

j ’ i~~ r e m i t  i l - t m  - irit ~- rr .ra1 —

d
‘rjtr-r jon f i r  r- ffect was 1 in em il - i  o f  L i - u s u l  . Xpe - - . - - i  i i  i i

to - ‘i t t r ’r l s  -

l 1 I ’ r m : ; t ; m y S  i - u ndue ) - d i t 21) + 1 (( ‘‘0 —

I 4 1 r , . i : - ; - ; - i ~~’s , :i ,rm iuC t -i! i t  2 !  + i _ t i ’S’ I ’ ,  t O . -  h i i - j i  I I , l i e r i u l - i t t  i t i .  ‘ r d  !~~~~~~~‘ i .  m l

m i n n ow , - em i l i t  I ’  + 1.0°C 1 c m  t O  r , i j i m i ’ m w  t r o t  —

It i ’ , m -  - iys ‘ ‘ r i -  l u i r : t ’ - d i t  25 4 1 _ i r — ’C.

1 3 r ’ u i ’ - o iy :; , - , i r m , i i -t ~- l - i t  21 4
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~rable 26 —— Calculated 96—hour ECSO’ s for i-licroc ’stes aerurr,nos i ,

Anabean3 flos—aq uae , Selenastruro c a 1 ’r i c o r n u t u t i , i t !

N a v ic u l a  p el l i c u l o sa  exposo-i  to dicyclop n t i I m  _ ri -

(DCPD). Criterion for effect was r r ; I u ; t  ion of in v i v o

c h l o r o p h y l l  a of exposed algae as - ‘m t n r , i r ~~~1 to oern trols

aF ter 96 hours of exposure .

96—hour EC5 O 95% confidenre-o L umit s
Species (mq/~~) (ru g / i )

M . aerug inosa 31 17-57

A. flos-aquae 60 37-90

S. capricornutum >100

N. pelliculosa 51 38— 68

a
Percent -moo effect insufficient to calculate the confi i-nc- r’ l imits.
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Table ;7 - —  Ca l c u l a t e d  96—hour EC5O’s for h 1 i c r o - - o t ~~o :ir r u i t i n o s a ,

Anabeana flos—aquae, Selenastrum c ip ri erir n i tum , and

Nivicula pelliculos i r xposm~ iA t o  dicyclope ntil i m  -ti e

(DCPD)  - Criterion for effect w a ,  decrease in numbe r

of ce l l s  of t - X i r ) Su i J  algae is c ’e r n p i r e d  to contr”l s

after 96 hours of exposure .

96—hour EC5O 95% confidence lim i t s
Species (mg/ .) (mg/i)

14. aeruginosa 31 20-48

A .  f l o s— a q u a e  22 5 — 10 7

S. capricornutum >100 _a

53
N .  pe ll i cu losa  4 0 -7 0

a

Percentage effect insufficient to calculate confidence limit ; .



Table 28 -- In vivo chlorop hyll a concentrat ion (% re) 1 iv r 1 -

controls) in M i r - r  ocystis ILru - )inoo l durin g, m c i c u - I  I

n t i t t i h . r S  (% relative to con t r o l s )  a~d ’ - r , 35 m o n  - ;

posur~~s to dic’1’clopuntadiene (DCPD) in i s t i t i1 -

bioassay .

N o m i n a l  P er c en ta qc -  c i t - i n t o  - - - -c o n c e n t r a t i o n  ~ C h l o r o p h y l l  a ‘ - H .
(mg/ i ) 24~ E~ iir 4 8 — h o u r  9 6 — h o ~~~ 1 1 , — H I

contro l  _ a 
- - -

10 —11 —17 —4 — 1

16 —14 —2 6 —12 0

25 —32 — 4 1  — 4 0  — 33

40 —51 —6 4 — 56 - t  I

63 —79 —97 —88 —77

79 —6 8 —100 —100 —100

100 —84 — 100 — 100 — 100

a
Represents unity; percentage c han ge  c~i l c  a l at e 0 i .
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Table 21) — —  Calculated EC5O’ s fo r  Microcystis t e r u ~~i n e ; a m I x —

posed to d i c y c l op e n t a d ien e  (D C P D )  - Criterion for

e f fec t was decr ease of in vivo chlorop h - l l  a of

exposed a i qa c -  as compared  t o  c o n t r o l s .

96—hour EC5O 95% crrnf i,Je-ricmo limits
h our  ( r u  / . ) (ii~~~ 

;

24 39 18—84

48 2 4  1 2 — i s

96 31 17— 57



~~~~

‘ 1

75

Table 30 -- In vivo chlorophyll a concentration (% re l itiv m - to

controls) in Anabedn i flos-aquae during, and c-eli

numbers (% r e l a t i v e  5(1 controls) after , 96-hour ex-

posures to d i c y c l o p e nf i r l i e n e  ( D C P D )  i n  a static

bioassay.

Nominal  _________ — 
‘er cen tage  c h a ng e

co n ce n t r a t i o n  C h l o r op h y l l  ~~. Cel l  no.
(m q /i ) 2 4 — h o u r  4 8 — h o u r  9 6 — h o u r  9 6 — h o u r

co n t r o l  a 
— — —

10 +54 +32  +47 +29

16 +59 +55 +58 +60

25 + 1 2 +57 ~61

40 +12 +45 +51 +47

56 —4 —21  — 3 8  — 4 3

63 —29 —70 —7 0 —74

79 —57 — 90 —87 —81

100 — 6 8  — 9 6  — 9 7

a
R e p r e s e n t s  u n i t y ;  pe -ce n t ag e  ch ancj i .
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Table  31 —— C a l c u l a t e d  E C 5 O ’  s fo r  A n a l i m in a  f l o s — ,i i~ u m e m

to d i c y clop e n t a d ien e  ( D C P D )  . Cr i t  c t - i o n  f e t  e f fe ct

wa s lee r ease of in vivo ch loroph y l l a of e:-: r ,osed

algae as compared to contro l s .

96—hour EC5O 95% confidence limits
Hour ( m q / 2 )  ( m g / c )

24 82 57—1 16

48 61 44—86

96 60 3 7 - 0 0
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Table 32 -- In vivo chlorophyll a concentration (% r e lmt iv m- to

controls) in Seluonastrum capricornutum ‘lri r i n q , n i l

ce l l  n u m b e r s  ( %  r e l at iv e  to c o n t r o l s )  a ! t o - r , 91, how

exposures  to d i c ’1’c lopen tad iene  (DCPL fl in a s ta t i c

b i o a s s a y .

N o m i n a l  P er c en t a u e  ~- 1 m a 1 l ’ ) 1 1  
_____

concentration C h l o r o p h y l l  ~ i : ’ - i  I no.
(mg/.) 24—hour 48—hour 9 6 — h o u r  9 ( — H I i r

c o n t r o l  a 
- - —

10 +23 +19 +16 +10

25 +18 +24 + 2 9  -4 1 1

40 +21 +17 +38 ~28

56 —33 — l ~2l -~13

13 —27 —18 +11 ~~ 1

79 — 4 9  —14 — 7  — 4

100 —66 —25 — -1 — -1

a
Represents unity; percentage change .
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Table 33 -- Calculated EC5O’s for Sei nastrum capricornutum

exposed to d i c y clo p e n t o 1 i i e ne  (DCP I ) ) . ‘~ r i t  r i  on

for  e f f r - c t  was d e c re as e  of ~ rt v ivo  c h l o r o p h y l l  a

of uxj~osed algae as compared  to c o n t r o l s .

96—hour EC5O 95% confidence limits
f lour  ( m g/ / )  ( m q / 2 )

24 80 40— 166

48 > 100 a

96 >100 —

a
P e r c e n t a g e  e f f e c t  i n s u f f i c i e n t  to c a l c u l a t e  confidence l im i t s .
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T a ble  34 —— In v iv o  c h l o r o p h y l l  i (-Oticent r a t i o n  ( %  r e la t i ve  to

c o n t r o l s )  in N a v i c u l a  p e l li cu I o~~a d u r i n q ,  j u n  c eL l

:iui;ibo-rs (¼ relative to c o n t r o l s )  a f t e r , 96 hour  e :-:-

posures  to d i c y clo pen t a d i e n e  ( D C P D )  in a s t a t i c

b i o a s s a y .

Nomina l  P e rc e n t a g e  change  
- _____-

co n c e n t r a t i o n  C h l o r op h y l l  ~ C el l  no .
(mg/k) 2-1— hour 4 8 — h o u r  9 6 — h o u r  9 S— h o u r

con t ro l  _ a 
- — -~

10 — 2 2  —7 0 +2

2 5  — 2 7 — 12 ~4 
- t

40 —31 —28 —18 — 13

56 —67 —80 — 70 --61

63 —60 —73 —76

79 —69 —84 —91 —8-1

100 —75 -93 —100 —10 0

a
Re~ ‘resent -

- on i t  ‘
~~ 

p e t  ~~u -n t a q c  ‘i -hang c  -
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Table 35 -- Calculated EC5O for Navicula pelliculosa exposed

to dicyclopentadiene (DCPD) . Criterion for effect

was decrease of in vivo ch lo rophy l l  a of exposed

algae as compared to controls.

96-hour EC5O 95% confidence limits
Hour (mg/Q) (mg/c)

24 43 14—136

48 40 23—71

96 51 38—68
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Table 36 -- Acute toxicityd of dicyclopentadiene (DCPD) to wdter

flea b (Dap hnia magna) , scud ’ (Gamrnarus fasciatus) , sow-

bugd (Asellus militaris) , and midge l a rv a e  (Chir ’iriomus

tentans) . These data are based on results of h i o i m s s iy s

conduc ted at the Aquatic Toxicology Laboratory of S G & G,

Bionomics , Wareham , Massachusetts.

No discernible
e f f ect leve l

LC5O (mg active ingredient/1) at 48 hour ;
Species 24-hour 48-hour (mg/.)

D . magna 11.6 10.5 5.30
(9.21-14.2) ~ (8.40-13.2)

G. fasciatus 3 0 . 2  21 .2  11 .4
(17.4—52.5) (17.4—26.0)

A.  mi l i tar i s  15.6 15. 0 9 .5 0
(12.7—19.1) (12.2—18.3)

C. teritans 153 120 56 .0
(130—180) (97.8—148)

a
All bioassays conduc ted at 20 ± 1.0°C.

b
Water flea < 24 hours old at the initiation of testing.
c
Scud in juvenile stage at the initiation of testing.

d
Sowbug in juvenile stage at the initiation of testing.

e
Midge larvae in second-third instar at initiation of testinq.
f
95% conf idence  in te r v a l .
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Table 37 -- Concentrations tested and corresponding observed per-

centage mortality (based on the average of 3 repli-

cate concentrations) for water flea (Daphnia magna )

scud (Gammarus fasciatus) , sowbug (Asellus militaris)

and midge larvae (Chironomus tentans)  exposed to

dicyclopentadiene (DCPD ) a f t e r  24 and 48 hours .

Nominal concentrat ion % m o r t a l i t y  observed
Species (mg active ing red ien t/ i)  2 4 - h o u r  48 -hour

D. magna 2 2 . 8  100 100

17.1 80 87

13.3 80 87

9 . 5 0  60 67

7.10 0 20

5 . 3 0  0 0

control 0 0

G. fasciatus 35.0 67 100

26.6 20 40

19.9 27 33

15.2 7 7

11.4 0 0

control 0 0
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Table 37 -- Continued .

Nominal  concen t r a t i on  % m o r t a l i t y  observed
Species (mg ac t ive  i n g r e d i e n t/ .)  2 4 - h o u r  4 8 - h o u r

A .  m i l i t a r i s  3 0 . 4  100 100

2 2 . 8  100 100

17.1 20 40

13.3 13 27

9 . 5 0  0 0

control  0 0

C.  tentans 200 100 100

180 40  73

140 13 33

100 0 20

73.0 0 7

56.0 0 0

con trol 0 0
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Table Il-I —— Ac~u t n -  to x i c i t y  of d i cycI r~ n i ut a d i u ; r m r  (DC P D) t i  b i i  - ‘j i  11  ~ (1 - i-jomcs

r n i i - r i ’ - h i r us) , c h a n n e l  c i t  f i sh b ( I c t a l ur u s  ( i i m c t i t  i i : ) , f i t  i i  - m l  m i t r i ’w

( P t  m i l f i m l e s  t in. - las) , and r i  tmk , ,w- tr ,ru t 1 (~ :~ I mo g m  i r i o - c  i )  f t - c  2 - 1 ,

48 and 5 hours of exposure . These d m t  ,i it ,- ba ;n - ’ l  a rm b i n ’ -  i ( ; m ’ / a; c c c i —

d - -ted a t the Aquat i - Toxicology Labora tory  of E G —~ G,  H i o n o m i i r r ,

Warelmam , Massachusettr,.

0,~ i i s c m - r y i i h l u
n - f t  i t  J r - v - I

1050 ( m i l l i gra m s m i a i v c  i n g r e d i e n t/ l i t e r)  u t  i i  hours
Species 2 4 — h i , u r  4n3—hc;r jr 96—hour (nn 1 u i )

b l u - c j i l l  2 5 . 9  2 4 . 5  2 3 . 3  18.0
(21 7-27 .9)  ( 17 .6-30.1)

c h a n n - 1  ill i sh  21.7 20 .0  15.7 I -L U
(18.4—25.5) (17.2—23.3) (13.8—18.0)

m i r r i w  32 .0  31.1 3 1 .1  _~-1 0
( 2 3 . 7 — 4 3 . 2)  ( 2 3 . 0 — 4 2 . 0 )  ( 2 3 . 0 — 4 2 . 0 )

rainbow trout 23.7 15.) 15.9 10. 1)

( l o . 3 _ .:i3 . 2 )  ( 1 3 . 3 — 1 9 . 5 )  ( 1 3 . 0 — 1 1 .5 )

Bioassay  c o n d u c t n - d  a t  21 + 1.0°C, rn€ -an -~~-t  w e i g h t  of b l u u ’ c i l l  was 1 .1  g.

b
Bioassay conducted a t  21 + 1.0 °C , mean w ’ - t  w ’ - i q h t  of c-lu i r , i i ’ - l  c a t f i s h  was 1 . 1  -~~~.

C

Bioassay cond ucted at 21 1 .0’ ~( , mean wu - t weigh t of fat 0.- iii ml n irow w i  1 .4 ( 1-

d
Bioassay  i - ’,n , lu t - t. c,l a t  12 ~

- J . u ’’r , mean wet w u - i g h t  m t  r a i n m k r ’ ’w t r o u t  w i  i _ u ,  ‘c-

i t ’ % C (m im f 1 (it ci ’ . - i n  I n  - r v i  1
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Table 39 -- Concentrations tested and corresponding observed per-

centage  m o r t a l i t i e s  f o r  blueg i l l a Lepomis m a c r o c h i ru s )

c h a n n e l  c a t f i s hb ( I c ta lu r u s  p u n c t a t u s)  , f a t h ea d  m i n n o w0

(Pimephales  promelas) and ra inbow t r o u td (Sa lmo qairdneri )

exposed to d icyclopentadiene  ( DCPD ) f o r  24 , 48 and 96

hours .

Nominal
concent ra t ion  % m o r t a l i t y  observed

Species (m g/ i )  24-hour  48— hour  9 6- h o u r

b lueg i l l  3 2 . 0  100 100 100

2 8 . 0  20 90 100

2 4 . 0  10 10 10

18.0 0 0 0

14 .0  0 0 0

control  (acetone ) 0 0 0

cont ro l  0 0 0

channel catfish 32.0 100 100 100

2 4 . 0  60 60 100

18.0 20 20 100

16.0 0 40 60

14.0 0 0 0

control (acetone ) 0 0 0

control 0 0 0
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Table 39 -- Con tinued.

Nomina l
concentration % mortality observed

Species ( m g / c )  2 4 - h o u r  4 8 -h o u r  9 6 — h o u r

f a t head minnow 5 6 . 0  100 100 100

42.0 100 100 100

32 .0  20 60 60

24.0 0 0 0

18.0 0 0 0

control (ace tone)  0 0 0

control  0 0 0

r a i n b o w  t rou t  4 2 . 0  100 100 100

3 2 . 0  60 100 100

2 4 . 0  40 100 100

18.0 40 40 40

14 .0  0 20 2 Q

10.0 0 0 0

control  ( ace tone)  0 0 0

control  0 0 0

B conducted at 21 ÷ 1.0°C , mean wet wei ght  of b l u e i n i l l  was
1.1 (

~~
.

b
Bioassay conducted at  21 -4- 1 . 0 °C , mean wet weim ~~lit ( i f  ch - t n r - i m ’ l
ca t f i s h  w . m ; ;  1 . 3  q.

C
Bioassay cond ucted at 21 + 1.0°C , mea n wet weight  of f a thead  m i n n o w
was 1.4 g.

Bioassay conduc ted at  12 ÷ 1.0 °C , mean wet wei ght of r a i n b o w  I I L ’ t l t
was 1.6 q.
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Table 41 -- Concentrations tested and corresponding observed percentage mortalities

(and percentage hatch at 144 hours) for selected life stage s of f a thead

minnow (Pimephales promelas) expo sed to dicyclopentadiene (DCPD ) for

24 , 48 and 96 hours (eggs at 144 h o u r s) .

Nominal
concentration % mer ta li ty  observed % hatch

Life stage (mg/2 ,) 24—hour 48—hour 96-hour 144—hour 144-hour

eggsa 5,600 100 100 100 0

4,200 0 77 83 17

3,200 0 83 93 7

2,400 0 10 23 77

1,400 0 27 37

1,400 0 3 3 97

1,000 0 0 0 100

control (acetone) 0 0 0 100

control 0 0 0 100

1-hour OldC 37.0 100 100 100

28.0 100 100 100

24.0 100 100 100

21.0 0 0 0

16.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

- ~~~~~~~~
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Table 41 -- Con ti~iued.

Nominal 

——

concentration % mort.ality observed % hatch
Life stage (mg/Rj) 24-hour 48—hour 96—hour 144—hour 144-hour

7-day fry C 18.0 100 100 100

14.0 20 20 20

10.0 10 10 10

8.7 0 0 20

7.5 0 0 0

control (acetone) 0 0 0

control 0 0 0

30—day fryc 100 100 100 100

87.0 40 40 40

75.0 0 0 0

56.0 0 0 0

42.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

60-day fryc 180 100 100 100

100 80 80 80

75.0 0 0 0

56.0 0 0 0

42.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

a
Based on a mean of 3 replicates.

b
Remaining percent of live animals were unhatched (“ eyed up” ) .

C
Based on a mean of duplicates.

- 
~~~~~~~~~
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Table 42 -- Acute toxicity of dicyclopentadiene (DCPD) to bluegilla ~~~~~~~~
macrochirus) under varying conditions of water quality. These data

are based on results of bioassays conducted at the Aquatic Toxicology

Laboratory of E G & G, Bionomics, Wareham , Massachusetts.

No discernible
effect level

Water LC5O (milli grams active ingredient/liter) at 96 hours
quality 24-hour 48-hour 96—hour (mg/i)

15°C 76.3 60.4 47.5 32.0
(55 9_104)b (48.6—75.0) (37.5—60.2)

20°C 35.5 35.5 31.7 24.0
(29.5—42.6) (29.5—42.6) (23.5—42.8)

25°C 42.6 37.6 37.6 28.0
(38.8—46.8) (33.7—42.0) (33.7—42.0)

35 mg/i 36.4 35.1 34.8 18.0
hardness (30.4—37.9) (29.1—42.3) (28.8—42.0)

100 mg/i 33.0 >24.0<28.0 >24.0<28.0 24.0
hardness (28.7—37.9)

250 mg/i >32.0<42.0 17.8 14.2 7.5
hardness (13.3—23.8) (11.5—17.6)

pH 6.0 62.8 30.7 27.8 24.0
(51.7—76.3) (23.1—40.9) (23.8—32.4)

pH 7.0 47.8 45.4 36.8 24.0
(39.9—57.3) (37.2—55.3) (30.6—44.3)

pH 8.0 31.5 31.1 24.2 16.0
(23.5—42 .5 ) (23.0—42.0) (19.3—30.4)

a
Bioassay conducted under varying water quality , mean wet weight of bluegill was
1.0 g.

b
95% confidence interval.
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Table 43 -- Concentrations tested and corresponding observed per-
centage mortalities for bluegill (Lepomis macrochirus)

exposed to dicyclopentadiene (DCPD) for 24, 48 and 96

hours in varying water qualities.

Nominal
Water concentration % mortality observed
quality (mg/i) 24-hour 48-hour 96-hour

15°C 100 100 100 100

75.0 10 20 50

56.0 0 40 100

42.0 0 10 40

32.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

20°C 75.0 100 100 100

56.0 100 100 100

42.0 90 90 100

32.0 20 20 30

24.0 0 0 0

control (acetone) 0 0 0

control 0 0 0
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Table 43 -- Continued .

Nominal
Water concentration % mortality observed
quality (mg/i) 24-hour 418-hour 96-hour

25°C 56.0 100 100 100

49.0 80 100 100

42.0 30 30 30

37.0 10 20 20

32.0 0 40 40

28.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

35 mg/i 56.0 100 100 100
hardness

42.0 80 90 90

32.0 10 30 30

24.0 0 0 40

18.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

100 mg/i 42.0 100 100 100
hardness

32.0 0 100 100

28.0 30 100 100

24.0 0 0 0

18.0 0 0 0

control (acetone ) 0 0 0

control 0 0 0

~~~~~--  -.---.. * - . - - -
~~
. . . 

-.---—----
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Table 43 -- Continued .

Nominal
Water concentration % mortality observed
quality (mg/i) 24-hour 48—hour 96-hour

250 mg/i 42.0 100 100 100
hardness

32.0 0 100 100

24.0 0 100 100

18.0 0 60 60

14.0 0 0 10

10.0 0 0 20

7.5 0 0 0

control (acetone) 0 0 0

control 0 0 0

pH 6.0 100 100 100 100

75.0 80 100 100

56.0 30 100 100

42.0 0 90 100

32.0 0 100 100

28.0 0 0 30

24.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

-

~ 

-
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4

Table 43 -- Continued .
I

Nominal
Water concentration % mortality observed
quality (mg/i) 24-hour 48-hour 96-hour

pH 7.0 75.0 100 100 100

56.0 90 90 100

42.0 10 60 60

32.0 0 0 10

24.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

pH 8.0 42.0 100 100 100

32.0 40 60 70

24.0 0 0 10

16.0 0 0 0

12.0 0 0 0

control (acetone) 0 0 0

control 0 0 0

-
~~~ i -

~~~~~~~~~~~ -. ~~~~~~~~~~~~~~~~~ ~~~~ .~~~~~~~
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Table 44 -- Concentrations tested and corresponding observed percentage mortal-

ities for bluegilla (Lepomi s macrochirus) exposed to dicyclopentadiene

(DCPD) for 24 , 48 and 96 hours utilizing various aged solutions. These

data are based on bioassays conducted at the Aquatic Toxicology Lab-

oratory of E G & G, Bionomics, Wareham , Massachusetts.

No discernible
effect level

Age of LC5O (milligrams active ingredient/liter) at 96 hours
solution 24-hour 48—hour 96-hour (mg/i)

0-hour 41.8 28.7 20.0
(31~0_56~ 4) b (23.6—35.0) (25.7—33.1)

8—hour 35.6 28.7 23.4 18.0
(29. 3—43.2) (23.7—35.4) (17.2—31.9)

24—hour 30.8 27.1 27.1 18.0
(22.8—41.7) (22.6—32 .4) (22.6—32.4)

48-hour 34.9 34.6 34.6 24.0
(28.6—42.7) (28.2—42.4) (28. 2—42.4)

96—hour 47.5 44.3 44.3 24.0
(37.8—59.5) (36.0—54.6) (36.0—54.6)

a
Bioassay conducted at 21 + 1.0°C, mean wet weight of bluegill was 1.1 g.

b
95% confidence interval.

C
Mortality at all concentrations tested.

— -  -—-- - . _- .. -



96

Table 45 -- Acute toxicity of dicyclopentadiene (DCPD) to bluegill
(Lepomis macrochirus) after 96 hours utilizing various

aged solutions.

Nominal
Age of concentration Percentage mortality
solution (mg/i) 0-hour 48-hour 96-hour

0—hour 56.0 100 100 100

42.0 40 100 100

32.0 0 30 70

24.0 0 10 10

18.0 0 0 10

control 0 0 0

8—hour 56.0 100 100 100

42.0 70 90 100

32.0 40 70 100

24.0 0 60 60

18.0 0 0 0

control 0 0 0

24—hour 56.0 100 100 100

42.0 100 100 100

32.0 70 90 90

24.0 0 10 10

18.0 0 0 0

control 0 0 0

_________________ _______ ______ 

~
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Table 45 -- Continued .

Nominal
Age of concentration Percentage mortality
solution (mg/i) 0—hour 24-hour 96-hour

48—hour 56.0 100 100 100

42.0 70 70 70

32.0 60 70 70

24.0 0 0 0

18.0 0 0 0

control 0 0 0

96—hour 75.0 100 100 100

56.0 10 30 30

42.0 20 50 50

32.0 10 10 10

24.0 0 0 0

control 0 0 0
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Table 46 -- Meana concentration of ‘“C-dicyclopentadiene (DCPD)b

measured in water and bluegillC (Lepomis macrochirus )

during a 14—day exposure period and in bluegill during

an additional 7-day depuration period following trans-

fer to flowing, ‘~ C-DCPD-free water .

Mean measured ‘~ C—residue concentration
Day water (mg/i) bluegfll (mg/kg)

Exposure 0 0.77

1 1.44 36.37(3.62)

2 0.70 55.27 (17.03)

4 0.91 46.18(12.51)

7 0.87 33.00(10.00)

10 1.08 18.93(1.76)

14 1.11 11.37(4.26)

~ 0.98 (0 25)d

Depuration 1 <5.00

3 <5.00

7 <5.00

a
Mean based on two radiometric analyses for water and three radio-
metric analyses for fish .
b
Minimum detectable limits = 0.60 mg/i for water and 5.00 mg/kg
for fish.

C
Mean wet weight of bluegill = 3.0 g.

d
Standard deviation (+).

~

- .

- ~-
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