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DATA EVALUATION RECORD

Chemical: Lindane and Other Chlorinated Hydrocarbons

Test Material: Technical. Percents active ingredient of each
pesticide are given in the report under "dose."”

Study Action Type: Freshwater Fish Acute Toxicity Test.

Fathead minnow (Pimephales promelas)
Bluegill (Lepomis macrochirus)
Goldfish (Carassius auratus)
Guppy(Lebistes reticulatus)

Study Identification: Henderson, C.; Pickering, Q.; Tarzwell, C.
(1959) Relative Toxicity of Ten Chlori-~
nated Hydrocarbon Insecticides to Four
Species of Fish. Trans. Am. Fish Soc.
88(1): 23-32,MRID: 00105346.

Reviewed By: Ann Stavola Signature(:lkux;g%ujrégx

Aquatic Biologist .
HED/EEB Date: Ju e K 175~
Approved By: Harry Craven Signature: -
/  Supervisory Biologist
/" HED/EEB Date: 7/ (o// f/ké'”?“

Conclusions:

The study is not scientifically sound and does not meet
our guidelines requirement for a freshwater fish.acute toxicity

test.

Recommendations:

Some of the test solutions were aerated: however, there
is no indication as to which solutions were aerated.

Background:

This study was submitted through the data-call-in process
for the Lindane Standard.
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12.

Materials and Methods:

A. Test Animals: Fathead minnows (Pimephales promelas),
bluegills (Lepomis macrochirus), goldfish (Carassius
auratus), qguppy (Lebistes reticulatus). The minnows
and bluegills were wild native species raised in outdoor
ponds at the State Fish Hatchery, Newtown, OH. The gold-
fish were obtained in uniform lots from a commercial fish
farm, and the guppies were raised in the lab.

Weights Lengths
Minnows, bluegills, 1 -2g 11/2 -11/2 in
goldfish
Guppies 0.1 - 0.2 g 3/4 - 1 in

B. Dose: The following chlorinated hydrocarbons were
studied: Aldrin, 88.4 percent; dieldrin, 90 percent;
endrin, 91 percent; endrin EC, 19.5 percent; endrin WP,
75 percent; chlordane, 100 percent; chlordane EC, 75
percent; heptachlor, 72 percent; toxaphene, 67 to 69
percent; DDT, 76 percent; DDT, 100 percent; lindane,

100 percent; BHC, 15.5 percent gamma. The pesticides
were prepared in acetone or water, either soft water or
hard water.

s/

C. Study Design: The tests were conducted at 25 °C. When
D.0. decreased in a few test solutions 0 was added to
maintain levels of 4 parts per million. For all species
but guppies, there were five fish per 10-liter duplicate
samples. For the guppies there were five fish in 2-liters
of duplicate samples. .

D. Statistical Analysis: TLM's were calculated by straight-
Tine graphical interpolation from points representing
percent survival of fish and log concentrations of
insecticide formulations which bracketed the 50 percent

point.

Results/Discussion:

The attached tables give the TLM values for the chlorinated
hydrocarbons. Similar physiological reactions were observed

in fish exposed to all the compounds but BHC. There was a
period of excitability followed by alternating periods of
muscular spasms and quiescence, the loss of equilibrium and

death.

Endrin was the most toxic insecticide, and BHC was the
least toxic. Bluegills were generally more sensitive than
the other species. There were no significant differences in
mortality for fathead minnows in soft water versus hard water.
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13. Study Authors Conclusions/QA Measures

Lindane - 96 hr TLM values

Water Quality Species - TLM (ppb)
Hard Fatheads 56
Soft Fatheads 62
Soft Bluegills 77
Soft Goldfish 152
Soft Guppies 138

No QA Statement.

14. Reviewer's Evaluation:

A. Test Procedures:

The test procedures are generally acceptable except for
one major point: some of the test solutions were aerated
when D.O. levels fell too low. There is no indication
as to which pesticides were aerated. Aeration is only
acceptable if the concentrations are monitored. This
was not done in this study. Also, goldfish and guppies
are not/approved species.

B. Statistical Analysis:

Without the raw mortality data the reported results
cannot be verified.

C. Discussion/Results:

Because of the uncertainty as to which pesticides
were aerated during testing none of the reported results
are reliable.



Conclusions:

1.

2.

3.

Category: 1Invalid

Rationale: Aeration of some of the test solutions
without monitoring the concentrations. The
authors do not indicate which pesticides
were aerated. Also, lack of raw mortality
data and D.O. and ph levels during the
tests.

Repairability: If we knew which pesticides were not
aerated, the results of the tests on
fatheads and bluegills for those
pesticides could be upgraded provided
we also had the raw mortality data and
data on D.O. and PH.
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-26 . €. HENDLRSON, Q. M. FICKERING, AND C. M. TARZWELL

Physical and chemical determi, Ltions (dss-
sohod oxypen, pH. alkalinity. acidity, and
hardness) were made on cach st concentra-
fion initially and after fish mortabity or at the
complction of the sest. This was done primanly
to detect Jow dissolved oxypen kevels so they
could oe controllcd if necessary and 0 deter-
minc other conditions which might affect
toxicity. -

Fish rcactions were observed over 2 96-houe

od. From the mortality in diffcrent concen-
trations, 24-, 48-, and 96-hour TL- (median
tolerance - limit) values were obtained. The
median tolerance Limit is the concentration of
a chemical in diluton water which causzs 50

ent mortality of the test fish. These values
wese obtained by straight-line graphical inter-
polation from points rcpresenting percént sur-
vival of fish and log conzentrations of insxti-
cide formulations which bracketed the 50 pers
cent point (Doudoroff ef al., 1951).

PIOASSAY RISULTS

A summary of bivassay results for the chlon
nated hydrocasbon  compounds and  formul.-
tions is given in Table 1. Twonty-four. 4%
and 96-hour TL- values re shown for th
different species of fish and ditferene dilutis
waters. All values are reported as pans pe
million by weight (mulhgrams/liter) of th
compound or formulation as Jdescribed i th
previous section (Chlormated Hydrocarben In
secticades). :

In practically all of these binassays fish m-x
tality definitely increased betwein the 24- anc
96-hous periods. In + few expesiments what
were allowed to remain for perionds of ten days
additional fish mortality occurred. Furiher ox
periments in which fathcad minnons wer.
exposed for twenty days to continuously ¢
newed solutions of DDT showed thx toxicit:
was approximatcly twice (TL,, value half) :hx
obtained in 96-hour static experiments. Thex
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compounds apparently have 2 cumulative or
chronic cifect on fish.

During e course of the bimassays, physical
1nd Jhesucal charactenistics of the et solutions
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Js of ten Jays,  Tof the compaunds. cven in the hizhest concen-
1 Yurther ox . ustions. was much slower than has been ob-

innows wer,  soved with many other toxic compounds. In
concentrations the first visibic evidence

.« ntinuously e high
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_of effcct occurred after 30 to 60 minutes ex-
posure while in lower concentrations a much
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FOUR SPECIZS OF FisH 27

longer time was required Genurally, 3 bricf
penod of high cxatabibity, duning which the
fish. swam rapsdly on the surface around the .
odpes of the test aquana, was followed by al-
ternate perunds of muscular spasms resulting
in short jerky mpyenwnts and then by shart
quicsent pesieds accompanicd by partial loss
of balsnce. This was lollowed by complete X
s of cquilboum with the fish swimmung
on thor backs in short jorky puncments on
the water sueface is 3 crcular patern around
the cdges of the test jar. Death followed alter
varping pennds. sometimes 3s long a5 24 hours
or mote. A swelhing in the abdominal sezon.
especially pmnnun(ml wn fathcad mmnows, was
ohscrved. The fish abo appeared somcwhat
lighter in color than the controls. Fish exposcd
to BHC did nut rewt charactenstically but
slovly sunk to the bottom of the 'aquasia and
pgradually expired.
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- — — i~

S, : Thw .
. - . YY" tmilligrame/liter) .
/ Dilution Kind of amand
“peshtes) Pormylation water fish 24 bovr - 4R hour 94 bour
e " e . - L. - - v—
I $6tkour Soft . Fathrads LA 3 a3 -
———— o epaachlor, trchnical Hard Fathcade o) om0 Fal]
2 31 peroent active in acctone Sofy Bluegiils e 032 0% .
€S2 Solt Geskdfish a1 38 ‘a0
:J; k] Soft Guppics 218 RYY KYTY
oy o e e = - JR—.
asz Soft Fatheads o3y 0TS on18
n37 Foraphene. reference standard tard Fatheads Me vy Ay
e e e i o e 100 percent active in acetone Soft - Ruesilia 00713 ahAR onss
s Soft Goldfish ans2 SO0 s
Solt Gupgncs 042 b o0 .
_onts »
041 . Solt Fatheads e 048 D42 :
b o DDT. techaical . Hard Fatheads 018 nes 048 -
e o = e 36 percent 9,9 womet in scetone Solt Bluegills © 02 o221 a0 .
o : 0011 Solt Goldfied 190 047 £38 -
. £013 Soft Guppres 38 012 F13
ooces ] .
Ho2t DDT. screened Solt Fatheads [32 < o120 . o . Y
H0rs 100 pescent p.8"isomer in scetone Hard Fatheads 029 027 018 )
——— 2
L ooz | Soft Fatheads ooa - ol s B
£038 . Slethoxychlcr, resrysalized - . Hard Fatherds o NI 018 .
- 0037 % 100 percent acuive in acetone . Soft Blucxills hon Ho2 a3 .
o o o o Soft Goldfiale 20 080 nsa .
£026 Soft Guppers as, 128 120
0032 - -4
—— Soft Fatheads o o010 082
- 082 Lindane, recrysualized” Hard Futiweads om 036 FT
09y 160 perorat active in acetons Sofv Bluegills 129 - o -
4 o212 Soft Goldfish a2 23 182 -
-l::l . Solt. Guppies 20 348 a3
!z " : Sofz Fatheads 12 16 13
- 42 BHC, technical Hord Fatheads 13 13 3 ] -
A8 - 13.3 percent gemme lsomet in portons Sols Bluexills 10 18 [%]
N S . . Soly Goldtish 2 n 15
Solt . Guppier 1. 1 113

o




H
.
.
.
g
’
.
i
]
]
1

v+ v— v

28 €. HERDERSON, Q. M PNKLRING, AND C. M. TAKZWELL

TOXICITY TO DIFFERENT SPFCIFS OF FISH

The disect comparative 96-hour TL~ values
for the ten chlaninsted hydracarban compounds
to four speucs of fsh are shown in Table 2.
Al sslues are seported n parts per biliion
(muceoztamshiter) of the pure compouads
computed from the pereentage of compound in
the tahmeal grade or rercience standazed ma-
tesial All of the values are based on bioassays
conducted under ~carcfuily standardized condi-
tions using soft water as the diluent and at 2
temperature of 23°C. Many are averages of
two or morc rephaate expenments.

Endein was by far the most toxxc of the
insecticades 1o all spocses of fish. In fact, ot s
the most toxic chemucal that has been tested
in this Liboratary. The rvery closely related
compounds, aldna and dicinn, were consid-
etably less toxic, shuwing that a shyht change

.in chenucal structure can preatly chasge the

degree of toxiaty Toxaphene was the sccond
most toxic nsectsode, followed by dicldnn,
aldrin, and then DDT. Heptachlor, chlordane,
methoxychlor, and hndane were only shighiiy
fess toxic than DDT. Al of “the compounds
tested, exaept BHC, would be considercd highly
toxic to fish and were toxic to natne speucs
in concentrations of less than 100 ppb. (0.3
pp-m.). s

In numerous replicate  experimenis  with
BHC, the data were highly vanable. The con-
centsations needed to produce any fish mar-
tality far =xceeded the solubshity of thus com-
gound in water. It was observed Junng the
ioassays that . hen acctone. solutions of BHC
were added to water, much of the material
precipitated and settled to the botiom of the
test containers. The values for BHC ginen in
Table 2 are based on the gamma isomer con-
tent (15.5 pescent) and these values should
be roughly comparable to those for lindane.
the pure gamma isomer, Howeves, these values
are widely different, with the gannna isomer in
BHC much less toxic thin the pure gzemma

_ isomer. Afparcnﬂy the other isomers in BHC

either reduce the solubility of the gamma
isomer or have a very strong antagonistic efdect.
Additional .experiments lend credence to this
theory. A concentration of 0.1 p.p.m. of hn-
dane alone caused 100 percent mortality of
fathcad minnows in 24 hours. Whea 3.2 p.p.m.
of technical BHC and 0.1 p.p.m. of lindane
were added to the same test tank, no fish mor-
tality occurred in 96 hours. A concentration

- of 3.2 p.p.m. of technicai _riC alone produced

Taste 2.—Compastive toxicnty of colnrmated 7 dro
tarbon insectscides to different 1pecres of fib°
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wic

*Under standardized
diluent Temperature 23° C.

no fish mortality. BHC was by far the least
toxic 10 fish of the compounds tested

It s duficult to muke generabzinons con-
cernmng the towaty of a group of compeunds,
tepardiess of how clsely they 27e related
Each compound has ats individual chazicrer-
s and may o may not have sdontical
physddoszical effects on 2n organism T hus the
relaine toxiaty to dificrent speacs may mex
be the same. even for very closcly reiated com-
pounds. Tus fat s borac out by a careful
examination of the values gven in Table 2.

Blucalls are genesally more sensiine to the
calonnated hydrocarbon insectiades than the
other speaies. Compased with fatbesd mun-
nows, thar seasitinity s approxsmatcly equal
to two of the compounds. 15 two or three tunzs
Rreater to most, and is about Ave times greater
to one compound. Fathead runnows in win
are more sensitive to most of the compounds
than goldfish and guppies. While there 15 no
definite selanonship between the “semsitsiuty of
goldfish and guppies, goldfish may be consid-
ered skightly more sensitive to the wiole group
of compounds. Even such closely related ccm-
pounds as dicldrin and endrin, chiordasne and
heptachlor, and DDT and methoxychior do not
necessanly give similar toxicity relatonships.

In situdies of the susceptibility of trout and
warm water fishes to DDT, Surber and Hoff-
man (1949) state that “fingerling biuegills,
smallmouth black bass. and black crappies
were tound more sensitive to DDT than lasge-
mouth bass, golden shiners and trout™ On the
basis of the summarized literature on the toxi-
city of chlotinated hydrocarbon insecticides to
fish (Rudd and Gennely, 1956), bluezills ap-
patently are among the most sensitive warm-
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