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ABSTRACT 

Daphnia pulex was expos e d to concentrations of the insecticide, 

toxaph e ne, in acute and chronic toxicity bioa s says. In the acute tests, 

daphnids were plac e d in concentrations of toxaphene to determine 24, 

48, 72, and 96 hour IC 50 values. The chronic tests involved ex.posing 

daphnids to toxaphe ne over a 28 day p e riod. Numbers of immobilized 

animals and the number of y oung produced were recorded daily. Body 

lengths of adults surviving the 28 day tests were measured. 

The concentrations tested in the acute tests ranged from 18 to 

180 µg/1 and the 28 day concen t ra ti ons teste d ranged from 0. 56 to 

18. 0 ):lg/1. All tests and controls containe d 25 animals. There were 

three replicates in the a c ute t e sts and two replicates in the chronic 

t e sts. 

The rc
50 

value s for the acute t e sts w e re 137 , 126, and 90 pg/1 

f o r the 48, 72, and 96 hour t es t s , r espective l y . The c on c entrations 

t es t e d we r e not high e nough t o obse r ve a n IC 50 value at the 24 hour 

time p e riod. 

The chronic bioas say showed li t tle effect on b o dy l e n g th with 

• · f · t ob se r ve d v alue being a 4 . 3 p e r cen t r e duction of the only s i gni ican 

b ody l e ngth in the 18. o µg/1 conc entration of the s e cond r e plicate. 

• . . d t · of s ur v ival w a s obs erve d, dur i n g .the se c ond 
Signifi c ant r e uc i on 



replicate , fo r t he 1 8 . 0 J.lg/1 c on cen trati on. The re was a 44 p e r cent 

reduction of s urvival a t t hat treatme nt. 

Significant reduction in mean number of young per surviving 

adult was observed in both replicates at all concentrations above 

1. 6 pg/ 1. Reductions in mean number of young per surviving adult, 

of 17. 7 and 71. 7 percent were observed for the 3. 2 and 18. 0 µg/1 

concentrations, r espectiv e ly. 

IC 50 values reported in this research are higher than those 

found by investigators working with a soft, synthetic water media . 

The hardness of the spring water was suspected as the cause for the 

discrepancy. 

The observations show that reproduction is drastically affected 

at leve ls of 18. 0 µg/1 with detectable reproductive impairment occurring 

at a level of 3. 2 y.g/1. The 17. 7 percent reproductive impairment at 

the 3. 2 µg/1 concentration occurred at a l evel 28 times lower than the 

96 h our rc 50 value and 438 times l owe r than the 48 hour IC50 value. 

During this study, r epr oductiv e impairment was observed to be 

a more sensitive measure of t oxicity than IC50 values. The low dosage 

effects , as compared to effects obs e rved in the acute tests, indicate the 

need for more chroni c bioassay res earch. Test conditions such as 

food sour ce , r ate of f e eding , and test containe r size need to be stan-

dardize d. 



CHRONI C AND ACUTE EFFECTS OF THE INSECTICIDE 

T OXA P HENE O N J?APHNIA PULEX 

A Research Paper 

Presented to 

the Graduate Council of 

Austin Peay State University 

In Partial Fulfillment 

of the R e quir ements for the Degree 

Master of Science 

by 

Jam e s David Chiles 

August, 1_978 



LIST OF TABLES 

TABLE PAGE 

I. Chemical Analysis of Aerated Spring Water 17 

II. Chi-square Values for the Immobilization Rates 
Found in Figure 1 . . . . • . . . . • . . . . . . • • . . . . 25 

III. Summarized R esults of 1st Replicate, 28 Day 
Toxaphene Toxicity to Daphnia pulex • • • . . • . . . • . 27 

IV. Summarized R es ults of 2nd Replicate, 28 Day 
Toxaphe n e Toxicity to Daphnia pulex . . . . . . . . . • 28 

V. P ercentage R eproductive Impairme nt of 
D. pulex. in Tox.aphene . . . . . . . . . . • . • . . . . . . . 31 

VI. Number of Young p e r Adult p e r Tr eatment 
per 4 Day Inte rval with P e r cen tage Impairment 
or Stimulation- - 1st R e pli cate . . . . . . . 

VII. Numb e r of Young pe r Adult p e r T r eatment 
p e r 4 Day Inte rva l with Pe r centage Impa irme nt 
or Stimulation- - 2nd R e plicat e ... .... . 

VIII. Chi- s quar e Va lues fo r R e plicates of 28 Day Adult 
Immobili za tion s with Comparison B etween 

33 

34 

R e plica t es . . . . . . . . . . . . . . . . . . . . . . . . . . 37 



To th e Graduate Council: 

I am submitting h erewith a R esearch Paper written by James 
David Chiles entitled 11 Chronic and Acute Effects of the Insecticide 
Toxaph·ene on Daphnia pulex. 11 I recomm e nd that it b e accepted in 
partia l fulfillment of the requirement fo r the degree of Maste r of 
Science, with a major in Biology. 

We _ have read this research paper 
and recommend its acceptance: 

Se~bnd Committee Member 

7 

Majdr Professor 

Accepted for the Council: 

Dean of the Graduate School 



ACKNOWLEDGEMENTS 

The author wishes to ex.press appreciation to Dr. Benjamin P. 

Stone, Professor of Biology, Austin Peay State University, for guidance 

in this res ear ch. 

Gratefulness is also ex.tended to Drs. Daniel W. Bath, Jr. and 

Floyd M. Ford for their suggestions and constructive criticism of the 

manuscript. 

I would also- like to express appreciation to fellow graduate 

students for their help and support. 

The author wishes to thank his wife for her help and under

standing during the study. 



TABLE OF CONTENTS 

CHAPTER 

I. INTRODUCTION 

Daphnia pulex as a Bioassay Animal 

II. LITERATURE REVIEW 

Characteristics, Uses, and Action of Toxaphene 

Toxaphene Toxicity Tests ..... 

Factors Affecting Toxicity of Substances to Fish 

Reviews of Studies Using Daphnids 

Objectives of the Study 

III. METHODS AND MATERIALS 

General • • • • • • • • 0 • • • • • • • • • • • • • • • • • 

Test Water 

Insecticide • . • • • 

Food . . . . . . . . . . . . . . . . . . . . . . . . 

PAGE 

1 

2 

4 

4 

6 

8 

9 

13 

15 · 

15 

15 

16 

18 

Glassware and Equipment • • • • • • • • • • • • • • • • • 19 

Collection of Test Animals • • • • • • • . . . . . . . • . . 20 

Immobilization Tests . . . . . . . . . . . . . . . . . . . 

Growth, Reproduction, and Survival Tests 

IV. RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . 

21 

22 

23 

Twenty Four to Ninety Six Hour IC50 Tests • • • • • • • • 23 



T A BLE OF CONTE NTS (C ont inu e d) 

CHAPTER 

G ene ral: Growth, R e production, and Survival T e sts 

Growth Tests • • • 

R e production Te s ts 

Twenty Eight Day Immobilizations . 

V. DISCUSSION 

LITERATURE CITED 

PAGE 

26 

26 

29 

35 

38 

44 



LIST OF FIGURES 

FIGURE. PAGE 

1. Combined replicate immobilization rates for 
D. pulex . . . . . . . . • . . . . . . • . . . . . . . . . 24 

2. Combined number of young produced for two 28 
day chronic toxicity tests . . . . . . • • . . . . . • . • . 30 

3. Combined number of .immobilized daphnids for 
two 28 day chronic toxicity tests . . • . . . . . . • . • . . 36 



CHAPTER I 

INTRODUCTION 

The public awareness of pres sing environmental problems has 

sub sided somewhat since the early 197 0 1 s. The need for ex.tensive 

r esearch in the area continues. The development of new, more toxic 

pesticides and chemical compounds will undoubtedly continue. :.Aq~atic 

pollutants, both new and old, will occur in the aquatic ecosystem in the 

future . 

. It is becoming increasingly apparent that low levels of m _any of 

these sub stances are causing subtle, often unnoticed dam~ge to ,,aquatic 

organisms. 

The variety of aquatic organisms that have been used for bio

assay purposes is large, but fish have been the most frequently tested 

organism. Most of these tests have been short term tests of one to 

four days . Many investigators have avoided the use of chronic (long 

term) toxicity tests b e cause such tests are difficult, expensive and time 

conswning (Mount and Stephan 196 7). Chronic toxicity may ultimately 

cause death or may r esult in the elimination of species or individuals 

over a long period through induced sterility or other factors (Johnson 

196 8). 

, Cladocerans are an important part of the aquatic ecosystem. 
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A s small primary consumers, they are ·m ta t f d t 1 1 por n , as oo , o a arge 

number of organisms . Va ri ou s studies of the stoma c h contents of 

young fi sh s how from 1 to 95 percent cladoc e rans by volume and very 

fe w s tudies show less than 10 percent (Pennak 1953). Siefert (1973) 

and Pfli e ger (1975) have reported that cladocerans serve as first food 

for a large variety of freshwater, fry fishes. Because of this, daphnids 

have been used as bioassay organisms by a large number of investiga

tors, however, most of these studies have been of short duration. Low 

levels of potentially toxic substances in the environment need to be 

investigated. 

Daphnia pulex. as a Bioas say Animal 

The advantages of D . pulex. are much the same as those of 

Daphnia magna . Anders on ( 1944) was probably the first to ex.pound upon 

the advantages of D . magna. He listed small size, short life span and 

ease of culture as advantages of prirna_ry importance. D. pulex. has 

three or four juvenile instars and 18 to 25 adult instars (Pennak 1953). 

They have an average life span of 38 days at 20°C (Robertson 1971). 

They also begin producing young at an age of approximately seven days 

(Anderson et al. 1937) and grow to a maximum length of 3. 8 mm 

(Pennak 1953). 

Daphnids reproduce parthogenetically under favorable environ

mental condi tions in natural waters during most of the year with new 

br o ods b e ing pr o duced every few days throughout their lives. During 
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unfa o rable conditi ons , females produce both males and females which 

mate and produce ephippial eggs which are resi s tant to environmental 

facto rs such as drying . The s e eggs hatc h unde r favorabl e c ondi t i o ns 

with the new ind i vidual s r es uming p a rtho g e netic r e pr o duc t ion. 

In the laboratory, a continuous supply of young daphnt ds can be 

p roduced parthogenetically if favorable conditions are maintained. 

G e n e tic v ariability may be reduced by using a clone originating from 

one parthogenetic female. 



CHAPTER II 

LITERATURE REVIEW 

There is extensive literature pertaining to the effect of pollutants 

on D. pulex and other aquatic organisms. For the purpose of this_ paper 

the author will review pertinent research on toxaphene and the effects 

of pesticides and inorganic substances on fish and aquatic invertebrates. 

Characteristics, Uses and Action of Toxaphene 

The insecticide investigated cdnsisted of mixed isomers of 

chlorinated camphene. Von Rumpker et al. (1974) gives the following 

trade names for the substance: Chlor Chem T-590, Phenacide, 

Strobane-T and Toxakil. Toxaphene is classed as a broad spectrum 

insecticide with the main targets being cotton, livestock, small grains, 

soybeans, corn, and many other crops . Curcubits are the only crop 

listed by the basic manufacturer, Hercules, Incorporated, to be un

suitable for insect control with toxaphene. When appl1ed to crops, the 

number of applications is from 1-12 times per season. Livestock is 

usually treated 1-4 times per season, year around, depending on the 

pest problems present. It has been used also as a piscicide {fish 

poison), but is no longer r ecommended for this purpose due to persis

tence which has often kept fish from inhabiting waters for years 

(Hughes and Lee 1973). 
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According to Guye r ( 1971), the comme r cial pr o du c t ion of tox.

a phene consis t s of th e r eaction b e tween cam phe n e and chlorine a c tivated 

by ultraviole t irradiation. Certain catalysts are used to yield a final 

product of 67-69 percent and an empirical formula of c 10H 10 c1
8

. The 

chlorine content in this product is limited to 67-69 percent since 

insecticidal activity peaks in that band (Guyer 1971). Gas chromato

graphy suggests that 30 or 40 principle constituents may exist (Guyer 

1971). Turner et al. (1975) have shown that two separate fractions of 

toxaphene are six time s more toxic to mice and two fold more toxic to 

houseflies. 

Toxaphene is an amber-colored insecticide, is relatively stable 

and has a mild terpene odor. Hercules, Incorporated lists the solu-

bility in water at 3 ppm, however, s e v e ral investigators have found -it 

to b e much lower. Cohe n et al. ( 1960) li s ts its solubility at 0. 4 ppm 

and Guye r ( 1971) li st s it s s olubility at 0. 5 ppm. 

Toxaphene wa s intr oduced ar ound 1959 and since that time over 

a billi on pounds have b een applied to crops and livestock for pest con

trol. Its use is continuing at the rate of 4 0 m illion p ounds per y ear 

(Ca s ida et al. 197 4). From 1964 -197 4 , it was u s ed in greate r quantities 

than a ny o the r insecticid e (v on R umpke r et al. 1974). In 1972, 58 mil

lion p ounds was th e estimated u sage i n th e Uni t e d States with 51. 5 mil.-

cl Of t hl·s u sage b e ing u sed in th e south-central and southlion poun s 

eas t e rn Unite d State s (v on Rumpke r et al. 1974) . Pr e sently, the most ·

. ta t u se is i n th e cont rol of c otton insects , usually in combination 
1m p or n 



6 

with m e th y l pa r a thion. It 1 1 f s eve o use is increasing, mainly b e cause 

of the pha s ing out of DDT and increased use on cotton, soybean and 

othe r field crops. The non f 11 ( 1 - arm uses are sma van Rumpker et a . 

197 4). 

Toxaphene is a broad-spectrum insecticide and is both a contact 

and a stomach poison. It interacts with the central nervous system 

and is moderately toxic with low persistence compared to DDT (von 

Rumpker et al. 1974), Casida et al. (1974) describe -it as a complex., 

biodegradable mixture which can be detoxified to a certain ex.tent by 

mammals. With the exception of endrin, toxaphene is one of the I?ost 

lethal of the chlorinated hydrocarbon pesticides to fish on an acute 

basis (Benders on et al. 1958). 

Toxaphene Toxicity Tests 

Guyer (1971), in an EPA status report on toxaphene, lists num

erous 48 hour Lc
50 

values (the concentration lethal to 50 percent of 

the animals tested) for fish. For 13 species of fish, the L<;:: 50 values 

range from o. 0051 ppm for largemouth bass, Micropterus salmoides, 

too. 018 ppm for yellow perch, Perea flarescens and the sunfish 

Lepomis cyanellus . The authors m e ntion that these values are variable 

depending upon pH, oxygen c onc e ntration and water hardness. Hender-

son et al. ( 1958) list TLm value s (the value at which half of the test 

- - · ) f r bluegill L e pomis machrochirus as 0. 007 5 ppm, 
anrmals survive o , 

0. 
0038 

ppm and o. 0035 ppm for 24, 48 and 96 hour values, r e spectively. 
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Ca irns e t a l. ( 197 5) fo und that t h 
oxap ene was mor e poisonous to fis h es 

at high e r tem p e rature. 

Mehrle a nd Mayer (1975), in a study of the effects of toxaphene 

on growth a nd development of brook trout, Salvelinus fontinalis, found 

iliat the hatchability of trout was not affected by concentrations of 

5 20 ng/ 1 of toxaphene but young died 30-60 days after hat-ching. They 

found that levels from 139-288 ng/1 significantly depress~d growth of 

the trout. 

!ohnson (1968), in a review article on pesticides and fishes, 

lists 96 hour LC50 values of 0 . 0035 ppm for bluegill and O. 0056 ppm 

for goldfish. A 24 hour value for rainbow trout is .given also as 

0 . 050 ppm. 

Skidmore ( 1964) reviewed the literature on toxicity of zinc to 

aquatic organisms with special reference to fish . He reported that 

pH was the most important single factor in determining zinc toxicity to 

fish . He also found a ten fold decr ease in toxicity of zinc to fish with 

an incr ease from 12-320 ppm of total water hardness at 2. S days of 

exposure. Oxyg en concentration had a smaller effect with a 1. 4 times 

greater mortality resulting from a de crease of 8. 9 to 3. 8 ppm of 

oxygen. Skidmore also m entioned the importance of minimizing the 

ratio of biomass to the mass of a vailable pois on. 

Burdick (1967), in another r eview article, discussed the use of 

bioas says in d e t e rmining levels of toxic wa s tes harmful to aquatic 

organisms. He recomm e nded that l ong term bioassays should be 
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con duc t ed only in a natural water ·known to be able to support fi s h and 

o th e r aquatic biota over extended periods of time. 

Johnson ( 1968} selectively reviewed the literature concerning 

fishes and pesticides. He suggested research programs necessary 

for the detection of sublethal damage to a population. He stressed the 

need for chronic studies. 

Lee (1973} reviewed the chemical aspects of bioassay techniques 

for establishing water quality criteria. He discussed examples in 

which changes in the chemical environment of the bioassay test may 

affect the results and recommended prqcedures for minimizing pr_ob-

lems of this type. 

The influence of temperature on chemical toxicity ·to aquatic 

organisms was reviewed by Cairns et al. (1975}. They stressed the 

fact that, although investigators often gene ralize that temperature rises 

always increase toxicity, other factors may make this assumption 

false. They list changes in detoxification and increased excretory 

rates as factors which may r e duce the temperature effects on toxin 

uptake in aquatic organisms. 

Factors Affecting Toxicity of Substances to Fish 

The most ofte n m entioned factors affecting toxicity , in the 

lite rature ar e pH and wate r hardne ss.. Solbe (1974) found that sur-

. 
1 

· f t ut 1·n 7 mg/1 of zinc d e creased three times with a 
viva time o ro 

d e cr eas e d water hardness from 504 to 12 ppm. Mount (1966) found 



that in a continuous flo t · · w ox1c1ty study with fish that zinc wa s mos t 

toxic at a pH of e i ght and a ha r dness of 50 ppm and l east toxic at a pH 

of six a nd a hardne ss of 200 ppm. 

Johnson (1968) found that a pH change from 6. 9-8. O incr eased 

the LC50 value for rainbow trout five fold when, working with the 

h e rbicide 2- secondary-butyl-4, 5-dinitrophenol. 

One other factor concerning bioassays in the laboratory as 

opposed to actual aquatic environments was discussed by Lee (1973). 

9 

He mentions that the lab bioas say may have little significance in rela-

tion to the 11 in situ" situation. Bridges (1961) supports this with t~e 

finding that levels of 40 ppb endrin in natural waters did not result in 

fish kills . Lab bioas says have shown that endrin kills fish at much 

lower levels (Johnson 1968). 

Reviews of Studies Using Daphnids 

Blaska (1941) was one of the early investigators of the effects 

of toxicants on daphnids. He found D. magna and D . pulex. more 

sensitive to Cuso
4

, FeSO4 , and ZnC12 than were two species of copepods 

and one species of dipteran larvae. 

Anderson (1944) worked with the effects of various industrial 

wastes on D . magna. He was the first to propose the cessation of 

. • (" b"lization) as an indicator of the toxic effects of sub-s w1mm1ng 1mm o 1 

s tances. 
· d Boyd (1967) used 12 insecticides in bioassays with Frear an 

and f ound that the concentra tion of the auxilary solvent, 
D . m a gna 
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acetone , had a pr onounced effe ct on the r es ponse of daphni d s . 

Zei ss (l 96 3) i n a study of the effects of c r owdin g on th e copepod 

Calanu s a nd D . m a gna found that the re was a three fold incr eas e in 

r e spir a t o ry rates of D . magna when exposed to a 12 ml per animal 

c oncentration as compared to a 0. 12 ml per animal concentration. 

Z eiss used sheep manure as the food source and pond water as the 

culture medium. 

Extensive research on .the effects of 86 chemical compounds to 

nine species of aquatic animals, including D . magna was reported by 

Dowden and Bennet (1965). Using three different media, their work 

clearly showed that chemical toxicity to _.!2..:. magna has high variability 

in different media. Their study employed one natural water source 

and two synthetic waters. The amount of the chemical substances 

required to show a TLm effect was generally less in the synthetic 

waters. 

Sanders and Cope (1966) worked with numerous insecticides and 

herbicides and their effects on Simocephalus serrulatus and D . pulex. 

They found 48 hour Ec50 values (concentration needed to immobilize 

50 percent of the test animals) for~ serrulatus in toxaphene to be 

0 0 t" 1 19 ppb and 10 ppb at 60 and 70 F respec 1ve Y· A value of 15 ppb was 

r ep orted for D. pulex at 60°F. Sanders and Cope (1966) used reconsti-

tute d water that consisted of 30 mg MgSO4, 48 mg NaHC03, and 2 mg 

KCl p e r liter of deionized water. The pH ranged from 7. 4- 7. 8 in 

their t es t media. They found that the elimination of any of these 
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chemical s ubstances made th d . 
e me ia m or e toxic. A 24 h our median 

d ose valu e fo r toxaphene t o D 
_ . magna wa s r e porte d by Cr osby and 

T u c k e r (1966) a s 260 Jlg/1. 

Fr ear a nd Boyd (1967) reported a 24 hour Ln
50 

value (the dose 

l e thal t o 50 perc e nt of the test animals) of 94 b f D · · pp or _. magna 1n a 

toxaphe ne bioas say. They used a standard test medium consisting of 

200 mg NaHC03, 224 mg CaCl2, and 26 mg K
2
so

4 
per liter of distilled 

water• Their tests were conducted at l 9°C and the dis solving solvent 

was ethanol. 

Findley ( l 969) extensively investigated the effects of the herb-

icide amino triazole on selected aspects of the 1ife history of D. magna. 

She found rc50 values for adults at 120 hours and 16 days, of 40 . 65 ppm 

and 2. 20 ppm respectively. In contrast to this, values of 53. 50 and 

1. 12 were found at 24 hours and 5 days respectively for animals that 

were 2 to 26 hours old at the initiation of the test. A total inhibition of 

r eproduction was recorded at 3. 5 ppm. At 2 ppm, 33 . 3 percent of the 

adult daphnids lost their eggs. 

Biesinger and Christensen (1972) conducted a variety of tests 

on the effects of various metals on D. pulex.. They found that fed 

a nimals in 48 hour Lc
50 

tests, with 18 metals, had higher LC50 values, 

in all cases, than did unfed animals. They performed a 3 week chronic 

D 1 and obs e rved that a 16 percent, 3 week reproductive t est on_. pu ex 

• • t 1 1 for cadmium was only 3. 4 percent of that required 1mpa1r me n ev e 

Leso Value. In the 3 w eek studies, they ob s e r ved 
fo r a 48 h our 
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r eproductive impairment t o b e a m or e sens i tive measur e of toxicity 

than survival. 

R ezb a ( 1972) atte mpted r e production s tudies with D. magna and 

2 , 4 -D h e rbicide in Frear and Boyd's m e dium. The data from this 

s t udy could not be evaluated due to too m any conflicting signifi cant and 

non-significant values. 

Biesinger et al. (1973) in a 3 week study of the effects of 

nitriloacetate (NTA) on D. magna found a ten fold decrease in tox icity 

in hard water. They al~o reported a strong negative corr ~fation ·between 

LC50 values and water hardness. Tests w ere run with Lake Superior 

water and two concentrations of artificially hardened Lake Superior 

wate r. 

Sherr and Armitage (1973) worked with D. pulex. and the toxicity 

of dichromate ions. They found a z e ro percent survival at 1. 0 mg/1 in 

24 hours. The y us ed Chlamydomona s m oewusii as the food source for 

the daphnids and found difficulty in culturi~g enough daphnids for the 

t e sts. 

Neb ek e r and Puglisi (1974) us e d a foo d source of wheat leaves 

and t rout chow in a bioassay with D. magna and polychlorinate d biphenols. 

They found a 3 w eek LC so value of 25 pg/1 and a 50 pe rcent r e productive 

i m pairme nt at 24 _}lg/ 1. 

Gos s a n d Bunting (1976) u sed tr ou t chow and alfalfa l eaves as 

. d f the th e r mal effe cts on D. m a gna and D. pulex. foo d m a stu y o _ --""-- _ 

Pul
ex was m uch l ess s u cceptible to changes of wa ter 

found that D. L---

They 
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t mperatur e than was D . magna. 

Objectives of t h e Study 

Since the ban of the agricultural use of DDT in 19 7 3, toxa phene 

use has increased (Casida t 1 
e a• 1974), with an estimated 40 million 

p ounds b e ing used yearly. D t ·d · ue o w1 espread use , the insecticide 

frequently occurs in the aquatic ecosystem. 

applications and other uses is so widespread that the insecticide has 

been recovered from the atmosphere near Bermuda (Bidleman and 

Olney 197 5). Fifty six. samples averaged 0. 63 ng/ cubic meter. 

Nicholson et al. ( 1964) have listed toxaphene as the most common · 

water contaminant of northern Alabama. Nicholson e t :al (1964) also 

observed many fish kills that were directly related to toxaphene toxicity. 

Due to the relatively low bio-magnification and low cost, the use of 

toxaphene will probably continue to increase (von Rumpker et al. 1974). 

Since these conditions exist, there is a great need for chronic 

tox icity studies. According to Brooks (1957) and Pennak (1953), D. 

pulex. ranges over most of the United States. Due to the widespread 

application of toxaphene, the potential for damage is great. Since 

chronic and sublethal toxicity of many elements and compounds occurs 

1 l h
. h sometimes b e m or e than 100 times less than the 

at eve s w 1c may . 

· d d for acute l e thal effects of the same organism 
concentration n ee e 

. . d · ble to determine the chronic level at which 
(Lee 1973), 1t 1s esira 

. . • 1 ff cts reproduction, growth and life span. 
toxaphene s1gn1ficant Y a e 
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For the purpos e of th · · . . . 
is 1nvest1gat1 on, the following te r ms will 

b e u s ed as d e fin e d by Sprag ue {l% 9). 

acute - - c oming speedily t o a c r is i s 

chr onic -- cont inui n g fo r a long time , l ingering (m ay be 

l ethal o r non l etha l) 

s ub l ethal- - below the level which directly causes dea th 

cummula tive - - br ought about, or increas d in strength 

by successi e additions 

This inv estigation will at mpt to sho he ff cts of t chnical 

toxaph e ne on growth, l ongivity and reprodu tion in D . pul x . Sine_ 

s tatic b ioassay s of 2 - 96 hour dura ion r r outin ly don ith all 

p o t e ntial p ollution causin p tic "d , a u of 

durati on will also b conduct d for c omp ri on purpo ith th 2 

day bioas sa s . Thi ill allo h ompari on of thi r arch with 

oth r r •po rt in th li ratur . 
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CHAPTER III 

METHODS AND MATERIALS 

The organism used for the bioassay was Daphnia pulex.. The 

original culture was purchased from the MacMillan Science Company 

and was maintained for approximately two months before any were used 

for testing. The stock cultures were maintained in 1-gallon, wide

mouth jars at 20° c± 1 ° in a Percival Incubator with an automatically 

controlled, 12 hour photoperiod. Light was supplied by a single 40 

watt fluorescent bulb over the test animals. Additional light was 

received from lights over the other shelves in the incubator. The 

daphnids were fed a suspension consisting of Purina Trout Chow and 

Fleischmann' s activated, dried y east. The spring water in these cul-

tures was changed weekly. The jars were covered with small plates 

of Lexan transparent material to r e duce evaporation and to keep out 

extraneous material. 

T e st Water 

The water used in all t es t s and for growing the test animals 

t The s pring is l ocated in Christian County, 
w a s filt e red spring wa e r. 

lt · t d b e tw een 570-580 feet according to the Casky 
K entucky at an a 1 u e 

i 

quadr a n gl e U. S. topographic map. 
The spring has approximately 1/2 
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;:i c r o f land surrounding i t fr om wh1·ch pr ci pita tion runoff n occur . 

The pring forms a pool a ppr oximately 30 fe tin diamete r and occur s 

in a lim s ton fo rmation . The fl ow from this spring i s g r ea t nough 

to pro id e a ontinuou s flow from the pool y ea r around. 

The p ring wate r was coll e cted in a 3 gallon p olyethyl ene bucke t 

and pou r e d in to a 6 gallon poly e thylene s to r age jar. Wa t er in the jar 

was conti n uous ly a e r a t e d with comp r e ssed air and stor ed in the labor-

ato ry until need e d . 

Chemical analysis of a e r ated s pring wate r was pe r fo r me d t h ree 

time s at on e week inte rvals using pr oc edur e s outlined in the 8th e dit ion 

of th e Hach Chemical Company manual for use with a Hach DR-EL 

di r e ct-r eading p or table kit. Total alkalinity, calcium hardness, total 

hardnes s, n itrate nitrogen, phosphate (me ta), and phosphate (para) 

we r e m ea s u r e d. T h e pH of the spring wate r was monitor ed with a 

L eed s No r thr up pH m eter. The r es ults of these tests ar e listed in 

Tab l e I of the r e s ults . 

B efo re u s e , th e s pr ing wate r was filte r ed thr ough cotton cloth 

c ontai n ing 10,8 16 s quares pe r squar e i n ch t o r emove a ny pie c es of 

ml
. ght have been intr oduce d during the colle ction of the 

debris which 

wat e r at the s pring . 

Ins cticid e 

A sample of purifie d , t echnical t oxa ph en e was purcha se d fr om 

P 
O B ox 194 Wes t Ches t er , Pa. 19380. It 

Chem S e rvice , Inc .' · · ' 
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TABLE I 

Chemical Analysis of Aerated Spring Water 

Analysis Method Mean (ppm) Range (ppm) 

Alkalinity (total) Methyl orange 162 . 2 143. 3- 19'0 

Calcium har dness E DTA - complex 185 163.3 - 21 0 

Hardness (total) E DTA-complex 194.5 175. 0-221. 7 

Nitrate nitrogen Cadmium reduction 0.034 0 . 022-0. 05 

Phosphate (meta) Stannaver with 2.36 2.33 - 2. 42 

solutions 

Phosphate (ortho) Stannaver with 0 . 17 2 0.037-0.40 

solutions 

pH a 

a The pH of the spring water was monitored with a Leeds Northrup 
H meter and was found to range from 7. 3- 8 . 2. All other analyses 

p K. 
were performed with a DR-EL Hach it. 
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consisted of four 1- gram sam ples of th e wax.y solid s ea l e d in individual 

bottles . One g r a m was suffi cient for running all of the t es ts r ep orte d 

in this pa p e r. A s tock solution was pr epar e d approximately one hour 

b efo r e u s e. Ten milligrams wer e dissolved in 3 ml of 95% ethan ol 

Thr ee tenths ml of the stock solution w e r e adde d to one lite r of s pring 

wat e r to make a stock solution of 1 mg per liter. From this stock 

solution, the other concentrations wer~ prepared. 

Due to using the solvent, ethanol, a second control was used 

in all tests. This control contained the maximum amount of ethanol 

contained in the highest toxaphene concentration. The usual control 

differed from the test solutions only by the lack of toxaphene and 

e thanol. Earlier attempts by this investigator, using acetone, showed 

it to be more toxic than the toxaphene concentrations that it contained. 

Dowde n and Bennett ( 1965), in a study with Daphnia magna found it to 

be toxic to 50 percent of the animals in 24 hours at a conc entration of 

10 mg/1. Several investigators have used ac e tone in insecticide bio

assays and failed to report its effects. 

F ood 

Each gallon jar of daphnids was fed at three day intervals 

b e tween 1600 and 1900 hours. The foo d s our c e was a mod-

f d by Bies inger and Chri s t ensen (1972). 
ificati on o one u se 

In this 

d · the same manne r except with the de letion 
d f d S Pr e pa r e 1n ' s tu y , oo w a 

. d and the u se of fi lte r e d s pring water. 
of the d n e grass 

T en grams of 
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Purina T r out Chow w e r e mixe d at hi gh s peed fo r 5 minut es with 250 m l 

of fi lte r e d s pring wa t e r with a blender. An additional 50 ml of wa t e r 

w e re u s e d fo r rinsing the blen der and were added to the suspension which 

was th e n fil te re d thr ou gh num b e r 20 bolting cloth a nd s t ored in the 

r efrige rator a t 4° c. 

A n a dditional s olution of activated, dr.i ed yeas·t was prepar e d on . 

fe e ding days by s u s p e nding 0 . 1 g of y east in 100 ml of filtered spring 

wate r. This w a s fed to the stock cultures at the rate of 3 ml per gallon 

jar. The trout chow suspension was fed to the daphnids at the same 

time and at the same rate. The use of the dried yeast -e_!_i,_w in~ ed .some 

of th e variability of using grass of unspecified nature. 

The tox icity t e sts requir e d a different food dilution. One drop 

of the t r out chow suspension proved to reduc e longevity of the daphnids 

in the t e st containers, probably by depleting the oxygen supply. A 

dilution of 5 ml of trout chow suspension and 0. 1 g of dried yeast to 

100 ml of s pring water was found to be satisfactory. This was fed to 

the tes t a nimals at 48 h our intervals, at the time the animals were 

count e d, at a rate of on e drop per shell vial. The shell vials contained 

25 ml of solution. 
In addition to the food mixtur e , the daphnids may 

have obtained som e nutrient s from bacte ria, alga e and detritus in the 

s pring wate r. 

Glasswar e and Equipm e nt 

d f cultu r es a nd pr epa r ation of ' t e st solutions 
All gla ssware u se or 
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was scrubbe d in d e t e r gent s ol t' . u ion s and rins ed a minimum of thr e e 

t ime s i n tap water. The glassware was then soaked in 10 percent 

hydrochloric acid for · · a mmimum of 5 minutes and rins_ed five times 

with distilled water. All polyethylene material and cloth were washed 

in d e tergent, rinsed in tap water three times, and rinsed five times 

with distilled water. Materials other than glassware were not soaked 

in acid. 

Collection of the Test Animals 

Twenty four hours before . young were needed for testing 

they were separated from the adults. A device for separation had 

been prepared by removing the bottom of a 1 / 2 gallon polyethylene 

jar and covering the mouth with number 30 nylon sieve material having 

openings of 0. 595 mm . . The material was held in place with a metal 

screw top lid that had the center removed to within 1 cm of the edge . 

The sieve material was fixed to the inside of this lid with silicone glue. 

With the lid in place, the cultures were filtered to separate the 

young from the adults. The young passed through the sieve material 

with the spring water. The daphnids r emaining on the sieve at the con

clusion of filtering were gently rinsed with spring water to remove any 

young that might have been entangled with the adults. The sieve was 

then inverted over a gallon jar of fresh water and rinsed again to re

move the adults. The whole process took less than 1 minute, with the 

daphnids showing little adverse effects from remaining on the sieve . 



21 

The young daphnids, in old spring water, were r e turne d to a 

gallon jar and fe d. Debris at the b ottom of the jar was removed with 

a large pipette after feeding. The adults were also fed, cleaned and 

r e turned to the incubator . 

At the end of the 24 hours, the same procedure was followed to 

separate the. young and the adults. The spring water containing the 

0-24 hour young was then filtered through the filtration device which 

had a piece , of cotton cloth containing 10,816 squares per square inch 

over the sieve. The level of the spring water was kept above the cloth 

by keeping the separation device in a polyethylene bucket. The young 

in the device were removed with a rubber-bulbed pipette and placed in 

a 1 liter beaker for randomization. Using this method, the young were 

never exposed to the air. The young from all the cultures were allowed 

to randomize for 30 minutes b.efore use. They were then placed in 

400 ml b eakers containing 100 ml of the appropriate test solutions for 

washing before placing in the appropriate test vials with pasteur pipettes 

with the tips broken off. 

Immobilization Tests 

h l·mmobili za tion tests were performed on young Ninety, six our 

l d The concentr ations investigated ranged 
which were 1-25 hours O • 

from 18 to 180 micrograms p e r lite r. 
The tests were conducted in 8 

25 b 95 mm shell vials containing 25 ml of the test 
dram, flat bottom, Y 

soluti.on. 
• 1 held in wooden racks with holes drilled 

The test via s were 
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1. 5 inches into the block. Each rack was used to hold 25 shell vials. 

Immobilization was used, rather than death, to eliminate the 

need for microscopic examination of the animals. If an individual 

daphnid was lying at the bottom of the vial and could stroke her 

antenna a few times, she was considered alive. 

The daphnids were fed when they were pla~ed in the vials ·and 

at the time of counting on the second day of testing. Sheets of 1/8 inch 

Lexan transparent material were used to cover the shell vials. 

Growth, Reproduction and Survival Tests 

D. pulex. was exposed to concentrations to toxaphene ranging 

from 0. 56 to 18. 0 µg/1 for 28 days. Test solutions were replaced 

at four day intervals at which time all young were discarded and_ 

living adults were transferred by pasteur pipette to the fresh solutions. 

The test daphnids were fed one drop of the combination food mixture 

at 2 day intervals at the conclusion of daily observation of the animals. 

On the 28th day, the a nimals were counted in the usual m anner 

and the surviving adults we re transferred to vials containing 95 percent 

ethanol for subsequent measurement. All a nimals were measured with

in 1 week using a _Carl Zeiss Standa rd W L Re search microscope with 

image splitting eyepiece and ocular mic rometer. The length was 

m easured according to Anderson et al. (1937) and was the longest 

dimension exclusiv e of the spine. 



CHAPTER IV 

RESULTS 

Twenty Four to Ninety Six Hour rc50 Tests 

There were 25 daphnids in eac h concentration in each r e pli c ate 

during the IC 50 tests. The concentrations tested were 18, 32, 56, 100 

and 180.)lg/1. Immobilizations were recorded at 24 hour intervals for 

96 hours. The results of those tests are shown in Figure 1. The data 

we re adjusted so that natural immobilizations are considered in the :..,alues. 

The data for each similar concentration were combined for the three 

replicates. The combined data were tested for significance a_gainst the 

contr ol by the chi- square method with values shown in Table II . All 

values which determined the slope of the lines in Figure 1 were signif

icant at the 5 percent level. The data were plotted on semi-logarithmic 

paper with the dosages plotted logarithmically on the abscissa and the 

survival percentages on the ordinate scale arithmetically. This method 

is known as straight-line graphical interpolation (Doudoroff 1951). This 

method is recommended in Standard Methods for the Examination of 

Water and Waste Water (1971) and has been used by Frear and Boyd 

(1967), Sprague (1964), and R ezba (1972). The IC50 values were 

· · - f th · t e rsection of the percent immobilization line 
determined r om e in 

with the time line by inte rpolating to the concentration axis. 

.. ,, ,, 
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TABLE II 

Chi-Square Values for the Immobilization 
Rates Found in Figure 1 

Micrograms/ Time in Hours 
Liter 

Toxaphene 24 48 72 

18 1.349 2.453 2.453 

32 1. 325 1. 714 2.452 

56 2.955 3.261 4. 127a 

100 3.857a 19. 919b 28. 322b 

6.805a 
b 110.425b 

180 81. 000 

aSignificant at the . 05 level from the control. 

bSignificant at the . 01 level from the control. 

There were 7 5 animals at all concentrations. 

25 

96 

a 
4. 133 

3.260 

18.610b 

52.086b ,r 

130.989b 
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The IC50 values obse r ved during the 24 hour intervals were 

137 , 126, and 90 µg/1 for the 48 72 d 6 · , , an 9 hour times r es p e ctively. 

The c onc e ntrations t e sted were not high enough to observe an IC50 

value at the 24 hour time period and should be over 180)lg/l. 

G ene ral: Growth, Reproduction, and Survival Tests 

Daphnids, 1 to 25 hours old, were introduced to 8-dram shell 

vials containing the toxaphene solutions. The solutions were changed 

at four day intervals for 28 days. The concentrations tested were 

0 . 56, 1. 8, 3 . 2, 5. 6, 10. 0 and 18. 0 )lg/1 with 25 daphnids in each con-

cent ration . There were two replicates. Immobilized individuals · and 

young produced were recorded daily. Surviving adults at each concen-

tration were measured according to Ande_rson et al. ( 193 7) . The sum-

marized results of the 28 day tests are shown in Tables III and IV. 

Growth Tests 

Body length measurements for daphnids in concentrations of 

toxaphene were tested for significance using Duncan's Multiple Range. 

Tables III and IV show the mean body l engths and standard deviations 

for the first and second 28 day replicates. The mean body lengths of 

. • t ·mals were not significantly diffe rent at the 
the first replicate tes ani 

1 f the control. 5 percent leve rom 
In the second replicate the mean body 

04+ o 04 mm for the 18. 0 )l-g/1 concentration to 
l engths rang e d from 2 · - · 

+ f th O 56 ng/1 concentration. 
2. 13 _o . 04 mm or e · ~ 

The mean body length 

· res ente d a 4 . 3 percent decr ease in 
fo.r the 18. 0 Jlg/1 concentration r ep 

l 

' ' .,. 



Characteristics 

Surviving Adult Animals 

Percent Immobilized 

Number of Young 

Number of Young per 
Surviving Adult 

Mean Body Lengths and 
SD (mm) 

TABLE nr · 

Summarized Results of 1st Replicate; .28 Day 
Toxaphene Toxicity to _.Da_p_hnia .eulex 

Concentration in }lg/1 

0.00 0.56 1. 8 3.2 5.6 

17 16 16 16 14 

32 36 36 36 44 

1289 1181 1159 1007 703 

75.6 73.8 72 . 4 60.5b 49.2ab 

2. 12 2. 12 2. U . 2. 10 2. 10 
±o.os ±0.06 ±o.os t 0.05 ±0.06 

Underlined results are not significantly different at the . 05 level. 

a 
Not significant at the . 05 level from the results of the replicates. 

bSignificant at the . 05 level from the control of this replicate. 

--.. '-• -- - -

10. 0 

16 

36 

754 

45 . lb 

2. 11 
±0.05 

18.0 

15 

40 

356 

22.5b 

2.09 
±0.04 

N 
-J 



TABLE IV 

Summarized Results of the 2nd Replicate, 28 Day 
Toxaphene Toxicity to Daphnia _EUlex. 

Concentration in )lg/1 

Characteristics 0.00 ,o. 56 ,1. 8 3.2 5.6 

Surviving Adult Animals 24 21 22 24 22 

Percent Immobilized 4 16 12 4 12 

Number of Young 1398 1459 1243 1175 1055 

Numb e r of Young per 
56.8 60.2 48. lb 46.4ab 55.5 

Surviving Adult 

Mean Body L e ngths a n d 2. 13 2. 13 2~ 10b 2. 10b 2.08b 
SD (mm) ±0.04 ±o . . o4 ±0.04 ±0.04 ±0.04 

Underline d r e sults are not significantly different at the . 05 level. 

aNot significant at the • 05 level from the results· of the replicates. 

bSignificant at the . 05 level from the control of this replicate. 

~o.o 

20 

20 

593 

25.9b 

2.09b 
i° 0. 06 

18.0 

13 

48 

293 

15.2 
b 

2. 04b 
±"o.o4 

N 
00 
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body l eng th whe n compared to t h 
e control of that r e plicate . 

Duncan's Multiple R 
ange was a l so u sed t o tes t fo r significance 

between r e plicate t r eatments. 
No significant diffe rences for mean body 

length s for animals ex.posed to experimental tr eatm ents were observed 

fo r t h e first and seco_nd r eplicate s e ries. Th erefore, the mean body 

l eng th for the animals exposed to various concentrations of toxaphene 

was fairly consistent between replicates. 

R eproduction Tests 

The total number of young produced per treatment is listed in 

Tables III and IV. There were 1289 young produced in the control as 

compared to a range from 1181 to 356 for the 0. 56 to 18. 0 )lg/1 toxa-

phene concentrations. The second replicate showed a wider range in 

number of young between the control and the highest concentration. The 

control daphnids produced 1398 young with 293 and 1459 young being 

produced by the adults in the 18 . 0 and 0. 56 )lg/1 concentrations, respec

tively. There was a regressive va.lue at 10. 0 pg/1 in the first replicate, 

poss ibly due to ·higher adult survival rates at that treatment. 

The c ombined replicate values are shown in Figure 2. This 

the P
rogressive reproductive impairment of the insecticide 

clearly shows 

to D. pulex.. 

·d 1·n the second r eplicate, 0. 56 yg/1 concen
The a dult da phnl s 

than the control, however the difference 
tration, produced more young 

Table V shows the percenta ge impairment of the 
was not significant. 
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Replicate 

1st 

2nd 

Replicates 
Combined 

TABLE V 

Percentage Reproductive Impairment 
of D. pul ex. in Toxaphene 

Treatment in )lg/1 

0 . 56 1. 8 3 . 2 5. 6 10. 0 

8.4 10. 0 21. 9 45 . 5 41. 5 

4 . 0 11. 1 16.0 24.5 57 . 6 

6.2 10.6 19 . 0 35 . 0 49 . 6 

31 

18. 0 . 

72 . 4 

79. 1 

75.8 

Each r e plicate control and all test treatments began with 25 

daphnia . 

Numbers of young, per treatment, used in calculating the 
reproductive impairment are shown in Tables III and IV . 
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tota l numbe r of young for the s . 
eparate and combme d replicates. The 

first r e plicate p e rcentage repr d t· · · 0 uc 1ve impairment ranged from 8 . 4 to 

72. 4 percent for the 0 . 56 and 18 o /1 · · • )lg concentrations respectively. 

The second replicate ranged from 4 o t 79 1 • o . percent for comparable 

te sts in the second replicate. A 49. 6 percent reproductive impairment 

value was observed for the 10 0 /1 . pg concentration of the combined 

replicates. 

The mean number of young per surviving adult and significance 

for the 28 day tests are given in Tables III and IV . The mean number 

of young in the first replicate was significantly different at the 5 -per

c e nt level from comparable tests of the second replicate except for the 

5. 6 y..g/1 concentration. This indicates varability in reproductive rates 

of animals from one experimental time period to another. Mean munber 

of young produced in the first replicate ranged from 75. 6 in the control 

to 22. 5 in the 18.· 0 pg/1 concentration. The range in the second repli

cate was from 56. 8 young in the control to 15. 2 young in the 18. 0;.ig/1 

concentration. Although the mean number of young differed considerably, 

· · t d"d ot At the 18. 0)lg/1 concentration, there the percentage 1mpairmen 1 n • 

were 70. 2 and 73. 2 percent reproductive impairments for the two 

The Clos e a gr eement betwe en the two replicates indicates r eplicates. 

the r egular nature of the toxicant to reproduction. 

Of Y
oung p e r treatment and repr oductive impair

M ean numbers 

at 4 day inte r vals are shown in Tables 
ment for the various treatments 

VI and VIL 
a ctive impairment for the first thr ee 

The mean repro u 



Treatment 

Contro l 

0.56_µg/l 

1. 8 µg/1 

3. 2 }lg/1 

5 . 6 _µg/1 

10 . 0 p.g/1 

18. 0 }lg/1 

TABLE VI 

Number of Young per Adult per Treatment per 4 Day Interval 
with Percentage Impairment or Stimulation 

1st Replicate 

Day of Observation 

8 12 16 20 24 

# % # % # % # % # % 
2. 17 00 18.44 00 15. 88 00 11.06 00 13.47 00 

3.00 38 21. 13 15 15.44 3 8.75 21 l 1. 81 12 

2.55 rs 19. 31 5 14. 19 11 11. 50 4 9.94 26 

2.55 18 14.28 23 13.59 14 8. 18 26 11. 19 17 

1. 09 50 15.67 15 6.80 57 7 . 36 33 8. 14 40 

1. 09 50 12.00 35 6.94 56 7 . 25 34 7 . 44 45 

0.62 71 5.71 69 3. 41 79 1. 76 84 3 . 59 73 

The controls and treatments began with 25 animals .. 

28 

# 

12. 94 

12.38 

13.38 

9. 13 

9.57 

9.63 

6.47 

% 

00 

4 

3 

29 

26 

26 

50 

l,J 
l,J 



Treatment 

Control 

o. 56 }lg/1 

1. 8 y.g / 1 

3. 2 _µg/1 

5. 6 jlg/1 

10. 0 _µg/ 1 

18 . 0 jlg/1 

TABLE VII 

Numbe r of Young p e r Adult p e r Treatment p e r 4 Day Interval 
with Percentag e Impairment or Stimulatio n 

2nd Replicate 

Day of Observation 

8 12 16 20 24 

# % # % # % # .% # % 
14; 16 00 7.44 00 11. 08 00 9.28 00 6.48 00 

14. 16 00 7.52 1 11. 52 4 9.75 5 7.20 11 

12.96 8 6.67 10 11. 46 3 7.21 22 5.83 10 

10.80 24 7.04 5 9.00 19 7.60 18 6.82 5 

9.20 35 7.48 1 8.48 23 7.26 22 5. 17 20 

6.83 52 3.67 51 6.50 41 3.55 62 2. 18 66 

3.22 77 2. 14 71 4, ·74 43 1. 65 82 1. 50 77 

The controls and treatments began with 25 animals; 

2 8 

# % 
7.79 00 

9. 68 24 

8 .73 12 

6 . 83 1 2 

7 . 73 1 

2 . 81 64 

1. 53 80 
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ob se rvations was compared, · 
using Duncan 1 s Multiple Range, to the 

m ean r epr oductive impairment for h 
t e last three observations. There 

was little significance between the 12 day peri'ods. T he only significant 

values were for the 10 0 d 18 o / . · an • pg 1 concentrations of the second 

replicate. 

Twenty Eight Day Immobilizations 

The chi- square method was used to test for significance between 

immobilizations in the test solutions and the control. The same method 

was used to determine significance between comparable treatments in 

the replicates. Chi- square values for the immobilizations are shown 

in Table VIII. The only significant value observed for the comparison 

of immobilizations in toxaphene treatments to the control, for each 

concentration replicate, was observed in the 18. 0 )lg/1 treatment of 

the sec ond replicate. This skewed the data for combined replicate 

immobilizations. The combine d immobilizations for the replicates 

are shown in F1gure 3. 

When the replicates were compare d, there were s ignificant 

18 O 5 6 and 3 2 11g/l treatments. 
differ ences between controls, · ' · ' · r 

d 32 percent immobilization rates for the 
The re were 4 perc ent an 

controls of the two replicates· 
Some unknown fa ctor caus e d significant 

. b t een the two r eplicates (Table VIII). 
immobilization diff e rences e w 

-,,. 



25 

20 

'U 
(l) 15 
N 

-." ..... 
. " 
.D 
0 s s 

H 

H 
(l) 

.D s 
::l 
z 10 

5 

36 

0.0 0.56 3. 2 -5 . 6 -10 . 0 ·18. 0 

Conc entration in ]J.g/ 1 
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TABLE VIII 

Chi - Square Value s for R eplicates of 
28 Day Adult Immobilizations with 

Comparison between R eplicate s 

Tr eatment in;ig/1 

37 

Replicate 0.0 0.56 1.8 3 . 2 5.6 10.0 18.0 

1st 0 . 100 o. 100 0. 100 o. 764 o. 100 0.347 

2nd 2 . 000 1. 050 0.000 1. 050 3 .050 12. 578a 

R e plicate s 6.64c 2.599 3. 947b 8.000C 6 . 349b 1. 587 0.325 

Compar e d 

aSignifi cant a t the . 01 l eve l from the replicate control. 

bSignifi can t d iffe r ence at the . 05 l eve l between comparable 

r epli ca te t r eatments . 

cSignifica n t diffe r enc e at the . 0 1 l eve l between compar abl e 

r eplicate t r eatments . 

The r e we r e 25 animal s pe r replicate . 



CHAPTER V 

DISCUSSION 

Bioas says with aquatic organi· sms f .d are per orme most often 

ove r shor t p e riods of time. Observations are made usually at 24 48 
' ' 

72, and 96 hours, with few tests being run over longer periods of time. 

IC50, TLm or LD50 values are typically calculated for these test runs. 

While bioas says of this type are important for comparison to 

the toxicity of other substances, they may have little significance t'o 

the natural situation. Undetected damage to the aquatic ecosystem may · 

occur over long periods of time at much lower levels. Since toxicants 

may not e nter waters all at once, the effects of continuing application 

of the toxicant become important. 

In this author I s investigation, the effe cts of a common environ-

mental contaminant, toxaphene, were observ ed in a natural water 

s ituation ov e r a major portion of the organi sms life span. Significant 

observ ed at l evels b elow those causing 
effe cts on reproduction were 

a cu te t oxicity. 

126 d 90 µ g /1 w ere observed for the 
IC 50 value s of 13 7' ' an 

1 The conc entrations inve stigated 
48 , 7 2, a nd 96 hour t e sts, r e spectiv e y . 

IC value for the 24 hour time . 
were not high e nough to produce an SO 

The value should b e ove r 180 µg/1. 
Se veral values ar e pr e s ent in the 
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lit rature fo r the t oxicity of toxa phene t o daph . d 
m s . Guy e r (1971) li sts 

a 4 8 hour LC5 0 value of 15 Jlg/l f D 
or_. pulex. The re is a ~arge di s -

cre pancy betw een this value and the value 
observed in this study. This 

may be explained partly by the i t · 
nves igators note that the value was 

d e p end ent on pH, oxygen concentration a d h d 
n ar ness. Sanders and 

Cope (1966) found an EC 50 value of 11-20).lg/l ~t 60oF . 
Their study 

was conducted in a reconstituted water medi · t · 
um cons1s mg of 30 mg of 

MgS04, 30 mg of CaSO4, 48 mg of NaHCO3 and 2 mg of KCl per liter 

of distilled water. The pH ranged from 7.4-7. 8. Their test water 

was a much softer medium than water .which was used in this stud_y. 

The spring water had a _mean total hardness of 194. 5 ppm. 

Frear and Boyd (1967) found a 26 hour LD50 value in toxaphene 

of 94. 0 Jlg/1 for D. magna in a hard synthetic medium. Crosby and 

Tucker (1966) found a value of 260pg/l for a 24 hour median dose for 

D . magna. While the se values are for another closely related spe cies, 

the conditions of the test median are more comparable to the work o_f 

h A hl.ghly oxygenated condition of the test water in this this researc er. 

led also to the higher observed values, although water study may have 

1 f t While the IC50 values determined hardne ss is the more like Y ac or. 

in this study differ from those in the lite rature, they do s e rve as a 

. ' th longevity and reproduction data. 
b a sis for comparison wi 

The observed 

standardization of test procedures 
IC values indicate the ne e d for more 

50 

using dap hnids. 
I 

in the lite ratur e for comparis on with the 
T h e r e are n o studies 
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r e pr oduc tive data found by th· 
ls researcher . 

Cladoce ran studies of this 

type have b ee n p e rformed with f 
ve ry ew substances during the last 10 

yea r s and prior to that time a 1 r e a most non-existent. T he emphasis 

has been on investi gations of fish. 

The data on r e production were both 
significant and regular in 

natur e as shown by Figure 2 and Tables V 
, VI, and VII. · There were 

s ignificant effects on reproduction at all levels above 1. 8 µg/1. Com-

bined values of 19, 35, 49. 6 and 7 5. 8 percent r~duction in number of 

young were recorded for the 3. 2, 5. 6, 10. o, and 18. o µg/1 concentra-;-

tions. This represents nearly -a. 50 percent reduction at the 10. o µg/1 

concentration. 

The data or impairment of mean number of young per treatment 

showe d impairment levels similar to those of total reproduction im-

pairme nt values. No significant reproductive impairment was found at 

concentrations below 3. 2 µg/1. A 70. 3 and 73. 2 percent impairment 

in mean number of young per surviving adult was found for the replicates 

at the 18. O pg/ 1 concentration. There were impairment values of 20. 0 

and 15. 3 percent at the 3. 2 p.g/1 replicate concentrations. This indicates 

uniformity in the effect of the insecticide on reproduction. A combined 

· · t 1 1 f 46 3 percent was observed at the 10. 0 µg/1 con-1mpa1rmen eve o • · 

c entr ation . 3 3 P
ercent diffe rence in the value recorded 

This is only a • 

t t th same concentration. 
fo r the total reproduction impairmen a e 

t impairment value was not calculated statistically, 
Althoug h a 50 percen 

This value is approximately 
. 1- htl above 1 O. 0 µg/1. 
it w a s noted to be s i g Y 
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14 times lower than the 24 hour IC 
50 value and nine times lower than 

the l evel of t oxaphene producing a 
96 hour ICso effect . W hen impair-

ment of r e production for the 8, 12, 
and 16 day observation times was 

compared to the values for the 20 24 · 
' ' a nd 28 day observation periods 

of the replicates, there was little significant d'ff 
1 erence between r~pro-

duction impairment for the two twel d . · 
· ve ay periods. The only significant . 

values were for the 10. 0 and 18. O Jlg/1 co t • 
. ncen rations of the second 

replicate. There were slightly lower mean impairm·ent values for the 

first 12 days of observation in the second replicate . Observations of 

this data show that 3-week reproductive studies would give similar . 

· p e rcentages to those found at the 28 day time period. 

The mean measurements of the adults surviving the 28 day 

toxicity studies are shown in Tables III and IV. There were no values 

significantly different from the control in the first replicate,_ but the 

5. 6 to 18 . O ug/1 mean lengths were significant at the 5 percent level for 

the second replicate. The mean length was 2. 04±.0. 04 mm in the 18. 0 

.}lg/1 concentration ~nd 2. 13±0. 04 mm in the control. There was a 4. 3 

t d t . · the total body length at the 18. 0 p.g/1 level of the p e rcen r e uc 10n 1n 

second replicate. d to the reduction in reproduction at the Compare 

owth are not very significant. 
same levels, the effects on gr 

h toxaphene concentrations tested were 
Immobilizations for t e 

P
ared to the replicate controls for each repli

non - significant when com 

d licate 18. o µg/1 treatment was 
1 in the secon r e p 

cate . Only one va ue . 

significant from the control. 
. lues for significance b etween Chi- square va 
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treatments and controls fo h 
r t e two replic a tes 

a re sh own in Table VII . 
Chi- square values comparing 

e qual tr eatm ent b 
s etw een repli cates ar e 

also shown. S e veral s i gnificant value s 
indicate that the · . .f. . re was s1gn1 1-

cant difference be tween c om bl 
para e treatments of the replicates. The 

large disc r e pan cy b e twe en im bT . 
mo l ization rates in the r eplicates can-

not be explained. 

This author feels that the data presented .· _ . 
are.mor e applicable to 

the natural aquatic environment than · ld h · . . . 
. . · wo~ ave been if .performed 

with a chemically prepared artificial water source. 
This researcher 

also feels that water hardness is of primary 1·mport · d . ance 1n eter-

mining the toxicity of toxaphene to daphnids. Biesinger et al. · ( 197 3) 

have r e ported total hardness values and pH values for the Ohio, 

Mississippi, Minnesota and Missouri rivers which are very close to 

the m e ans of the spring water used in this study. The values obtained 

in this study · should be comparable to such bodies of water when water 

hardness is c onsider e d. Perry (1969), Filson (1974), and Harned 

(1976) have r e ported values of 70-143 ppm, 10-30 ppm, and 30-50 ppm 

t otal hardne ss for P e rcy Priest Lake, a farm pond and a woodland p ond 

res p ec tiv e ly . In s itua tions of this type, ;evels of t oxaphene r e ported in 

this pa p e r w ould probably hav e a more t oxic effect. 

. . . h h own r e pr oductive impairment to be a 
Thi s i nves tiga tion as s 

h t oxicity than im m obilization 
re of t oxap ene more sensit ive m ea su 

rates . 
. . 1 ( 197 3) in a 3-week r ~production study with 

Bies inge r e t a · ' 

D has a l so found thi s to be t rue . 
_ . magna , 
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Bioassay wor k with cladoc e rans r e qu1·res d Ch . more stu y. ron1c 

s tudie s are r e quir e d for many toxicants . Mor e attention n ee ds to be 

given to kee ping bioassay conditions s imilar to those in the natural 

environment. Test animal age, food, container size and sources of 

animal s should be s tandardized. 

The results of this study indicate that relatively low levels, 

c ompared to acutely toxic concentrations, may affect the reproductive 

rate of an important food source organism. If reductions in repro-

ductive rate obse r ved in this study occurred in nature, the entire 

aquatic ecosystem would be affected. Young fish, requiring food of · 

this type , would be significantly affected. 
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