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7he polychleranated biphenyls (PCR's) are & group
of chenmicals havarg physical and chemacal properties
sulfacicntly similar to those of DDT to warrant inveo-
tigat.on (10). The lonsanto Company, the sole
producer of PCD's an the United States, markets them
under the trade nane of Arocler, Arocler 1242 is
a navtore of PCB conpouwnds containing approxamately
425 chlorane by weight., Diverse an their commercial
rolacations, bul nont comwonly employed as plasti- L.
cicers, PED's havo increased in usage dramatically
sance the forties (G). Jensmen first reporved finding
rCh's in pike, othexr fLish, cagle feathcers and human
hair from Sueden sn 1966 (l}. Subszguently, scisn-
tists fru. around the world began analying wildlifa
tiusues fLor the presence of PeB's., Chlorinated
baphenyls were detected in fish, mussels, and birds
from thr Rhine Piver and the coast of tlo Metherlands
(7). in unparrovwhawks, kestrels ond kittawukes L{ron
Gveat Brataan {(4) und peregrine faleons from Lhe )
United States {5}, Cultures of the marige diatom
(vlandrotheca closterium have been shovn capable of
ubsoriang Aroclor 1242 from sed water containing
0.l p;= and concentrating it 200 to 1000 times (G)
This concentration caused, however, a marked reduction
in growth, chlorcpayll index, and RNA syntihesis of tho
marine diatom, but no noticeabile effect on DNA syn=-
thesas,

The aim of the present study was to investigata
sore of the cffects of Aroclor 1242 and DDT on a
varacty of aquatic organismsé. For a more detailed
repurt, please refer to the Master's thesis (9).
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Fave daffercent organisms were usetd in the
present dnvestigation: the alga Chlwnydomonas
rronhardtay, the cilaate protosoan Tolrahymeona vVOrax,
the cladoceran NDaphnia pulex, the ontracad Cypdidop=-
«in vadua, and the guppy Poocilia reticulata. Hedia
B3 (12) was the experimental mediun an which the
‘effecects of the toxicants upon algac, cladocer.ans, and
octracods were studicd. NBioassay media, modifsead
{rom Fernell and Rosen (3} to contain 1/100 of tho .
organic components andd 1/10 of the organic raltis,
was used for Lhe Tetrahymena studies., Coarscly-
filtered pond water was uased in the guppy toxiecaty
tests,  Since both DPDT and PCR have a tendency Lo
adhere to surfaces {2, 14), disposable glasswarc was
use:dl Lo prevent rasadues ©f the chlorinuted hydrocar-
vons from aflectang the results of subsequent experi-
marnts. Tne culture vessels werae cither quart or
half-gallon mason jars wath half of a disposable .
plostic Petri plate for a lid or disposable,gluss ot
test tubes fer the protocsoan studies. At the start
of an cxperiment gll culture vesscls and media were
autoclaved at 2507 C. for 25 minutcy to insure .
sterility (e«cept the guppy experiments in which e
pond watel won used), Once hundred parcent p,p’-DOT,
designated as the "ESA pesticide reference standard®
was uned in all DDT experiments and the Arocler 1242
uned was obtained dircectly fro. Monsanto in S, Louis,- -
lissouri. The test chemical was generally added to
the growth mcdia prior to the antroduetion of the
organisms, In order to distribute the test chemical
throughout the media, and to ease in making dilutions’
acctone was used as a ychicle for DDP, and 95% ethyl . .7
alecohol was used for the PCB. A concentration of 0.2
nl solvent/liter media was used, which did nol appear
Lo adversely affect the tested organisms as shown by .7
preliminary experiments and usually demonstrated by the.
solvent controls. Once algal density was deleruined, !
a known ¥olume of inoculum was added to cach culture so
that.the initial gonccntration in the culture vessel
wouln'he 0.1 x 10" cells/ml. Adult Daphnia, ostracods,
and f£ish werc removed from thear stock culturcs, rane
domized, and counted before placing them in thoe test
cultures, Experimental cultures containing algae and/
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Of Daohnia were grown at 28.5° €. * 1%C. under a bank
oL fLiuorcocont lights which dalivered 900 foot-candles
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. {az measurcd by a GC mocdel 213 lightmeler with o blue

»  f1lter). Totrabhymenn vorax cultures, grewn in test
Lubes, wele ﬁlaccd on a roller tube apparatus whaich
rotated Lhe tubes at 1/5 rpm, PZotozoan, osiracod,
and guppy hxoaugay era conducted under the con-
ditions of 2J 5 ¢:1%c. and 75 footcandles of light,

l During tha course of an erperiment, population
counts of the orgoanisma present in cach culture venscl
viere rocorucd The Chismydomonas cclls wure killed and
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. Fig. 1. Effoct of the addition of 0.2, 2, and
N .1 &0 ppr Aroclor 1242 on the growth of
-, Chlanydozornas reinhardtii. Xach point =
., raprescots the nean of two oboer-
vationo whoso individual values are
Uy indiecated se the range,
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stained by «dding a drop of I, -KI solution, then coun-
ted using a hacmacytometer at”l00X. ‘The Tctrnh/mcnn
were stained an the come mannc:, then ten 0,01 ml diops
of the culturo were distributed on a Falcon counting
plate and the cells in each counted at 50X. Carbon-14
uptahc by alqal ecells subjected to various concen- !
trations ol hoth DDT and ICD yas determined by incue !
bating S ml samples with Nal® €0, and using a standard 1
filtration-planchet method. Gas chromatoygraphy analysias
was performed by Dr. Jemes Saddler of the Tinlieries
NRescarch Institute on five algal cultures--a control,

4 solvent control, and three cultures to which 20, 2, . e
and 0,2 ppa Aroclor had been added. Tho algal pol- . r
letls and supernatant somples were extracted with . L.,
acctonitrile-petrolcum clher; purafied by elution on o
a Florisil column; and injectecd into a gas chromato~ . .
graph ecuipped with an clectron captura detoctor, .t

- PO ~ re .

Qbscrvations-~Discussion . . O

+
#

Fiqure 1 illustrates the effect of threg dif- g
ferent doses (0.2, 2, and 20 ppm} of Aroclor 1242- .-, 0.
alcohol on the density of Chlamydomonag over a pericd ¢
ol 22 days. Doth the control and the solvent control -

e ——
N
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[

-+ +*

followed the typical parabolie growth curve with no ct . f_‘

anitaal lag pericd, There was a period of 1upid gurowth .-

{the log phace) followed by a leveling off of the - _='<-* .+ [N~
population sizc as the culture approached the station- N
ary phase. Aroclor-containing cultures did not follow Lo N
this pattern, however, but took a much longer time to -+ .\i
approach the ccll dencity of the controls. In the . a S e
ChlaiydoTonas cultures to which the two highest dosagus -~
ol Aroclor were added there appearcd to be not ouly -~
a delay before exponentiil growth began, but an anxtaial , .
drop an tho algal density below Lhe original inoculum -
sr1ze. The severity of the respouse was dose related, . T .
After day S, the growth rate of these inhibited cul-") .72 '
turcs increased so that by day 22 they had cell den-
tities similar to the controls, Dy day 22, tho .
standing crop of Chlamwlomonas in all of the cultures
appcared to be about the same. 'fhis experiment was .
repeated several times with similar results, although y
the degree of inhibition from cqual additions of PCD - A
varicd somewhat. This variation may be duo to . ) . ' e
heterogeneity of the PCB globulir suspansionc (14), Lo
or to differecnces in other physzcal factors from y
experiment to oxperiment, . -
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In ovder to determine whother dC uptake by
fhla=vds—ana- cells was alro affected hy the addition
62-}ﬁ33i;?_]?l2. the exprmiment was repented uning
JJive iflerent doses orlgcu (0.002, 2.02, 0.?2,2, and
20 ppa), 1ncubating Nall® CO, with ramples taken from
the cultures at threce diffefent points in Lhe grfzth
period. On day 4, the control had the greatest = °C
uptake and the PCB coftaining cultures had uptakes
per ccll and per ml in inverse rclatxonshiplxo their

+ PCD concentrat:on. Dy days 11 and 15, the € uptake
\per cell were all markedly reduced and showed no dogo=-
yeluted responsc, fThese results were undoubtedly
influcnced by t varying asmounts of nutrients otill
availuble, The = € uptake per ml tended to increase
during the duration of the experiment, the valucs
gencrally in inverse relation to the dose.

N possible reason for the apparent recovery of
Cnlawvdonmonas from the initial cffects of PCB-

"containing media is that the PCB was degraded or
othenise made less effrctive during the course of
the experiment. Since un cxperiment conducted by
Risebrough (11) indicated that PCE compounds could be
broken down by ultraviolet dight, thc possibility
that the fluorescent lighis uscd in growing the algae
cultures were cuausing degradation of the added PCD was
inwestigated., HMason jars of Media 63 containing 2 ppm
Aroclor 1242 were pluced under the bank of flucrescent
lights for 7, 5, 2 or O days prior to their inoculation
with Chlamydomonas., All of the PCB-containing cultures
cxhibited delayed olgal growth and thcre did not appear
to Le any correlation between degrec of inhibition and
the length of time the media was under the lights after -
the PCB was added. This scemed to indicatc that
neitner degradation by light nor adsorption of TCB on
the glass werce significant factors in the delayed

-

growth and subscguent recovery of the Chlamydoronas cule -.

tures. Anothar possibility is that the PCB may have

been metabolized cither by the algae or by contaminating

hacteria. No differemce, however, was noted in the

chromatogrems between contaminated and axeniec culturas,
« nor in degrece of algal growth inhibition, hence bac-

terinal degradation of Aroclor 1242 was probably not
a significant factor.

Pata from the gas chromatography analysis scem to
indicatae that the Chlamydomonns was concentrating the
BCB, for a much higher concentration was found in the
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alyal pellet (which took up alout 0.0% ml in volume)
than in the enc liter of supernalont, For cxample, in
cultures to which 20 ppm (mg/)) PCB had been added,
0.52 my wuere detectad in the algae, and only 0.01 mg
in the svpernatant, A lorge percentage of PCN that wa
added wags not recovercd from cither the media or the
algac. <h:ie may have been losc beesuce of adbercence t
the gluss sides of the mason jars, gsinking of small PC
globules to Lhe bobtton, vaporiration, codintillation
vith welur, metabolizm by the alqgue, or loss in the
extraction, Flozisil clecan~up, or injaction processesn

ihe cffect of DT on the grovth and 14c uptake of
Chlanyciwanas cultures was studied., In the. tested con
centration ronge of 0.2 ppin to 70 phwn DT, the algal
growth curves @id not daffer appreciably {rom thosc of

A A S
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the controls., ¥hile both Wurster {13) and Men 31 ot al.
{0) were able to demenstrale Lthat DDT reduced C uptaxke -

an various specics of marine phytoplankton, in,the

.

precent study no cignifacont cifect of DOT on ~ € uytekeo .

by CHiymvdomonas was noted. Menscl et al. (8) did obse

appear to be affected by conccntrutions ot DDT as high

TvVe

.

as 1 ppu. It is thus possible that Chlamydoronas, like

DPunclic?la, is relatively DDV resistani, and yebt wmay b

cffected by polychlerinated biphenyls which may rostrict

4 . : . .
C.uatake by a diflarent mechunicm, . .

e -

-

Tne toxicity of PCD and DDT to organisms other than

aljae was then investiquted. The growth curves of tha
protornoan Tebiahymenn vorax grown in the presence of
Aroelor 1242 (0,02 to 20 ppm) and in the presenco of
Dior {0.01 to 100 ppm) scem to indicate that neither (.
chunical has any effect upon the growth rate or
ponulation size. Aroclor 1242 appeanred to be falrly
to<ic to Dophnia pulex, however. Young Daphnia died
at levols as low ac 0,02 ppm, Mortality may be linkod
with othcr stresses as well, hovewver, for vhen the
Danhnia were suppliecd with algal culture, the dealh
rate was cut to one-third. A comparison of the
relative toxicity of PCB and DDT to ostracods revealed
a jreater mortality of Cypridopsis vidua at 20 ppm

PC3 than at the pame concentrulion of DDT. At 20 PPR | .
there were no survivors out of 20 ostracods in the T

Ar:élorjconLainxng cultures while there were 13 sur- |
vaivors an the DDT cultures., At lower concentrations, |
how~aver, DDT appeirxad to have more of an effect than '

.
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the PCB.  Whe guppy Tocsilna rerieculnta had I00% mor-
talaty at 20 and 2 ppw, bLut only 237 wortality at 0.2
poite  The behavior of the fLish juct prior to death in
FCl-coat wining eultuics was guite different from tha
normal sympltoms ol hydrocarbon pesiicide poivoning,
In zome cases behavior included rop:d pivoting of the
body with the nose preered close Lo the bottonm of the
jar; fungus-lile growilhs were also often associated
walli 8ying or recently~dead fish.

To ecxplore the passage of PCU throuygh the food

" ehsan, Daphnia in PCR-Iree media were supplicd with

algal eells thut had Leen grown in Aroclor-containing

media, centrifuged, and resuspended in PCD-free media,
Al of the three-day old Daphnia fed algace cells grova

snd Lthere were only thrxeco survivors from among the
thirty fed algaa.from the culture containing 2 ppm.
Tihe mortality rate was higher among control Daphnia
that were starved than anong thece that were given
Pch-free algaa. L _

. .
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Aroclor 1242 appcurced to temporarily inhibit the
growth rate of hlamydononas as evidenced by coll
counts and C uptaxe, while DDT drd nol appear to
have.uny eifect. A greater concentration of IMCB was
found in the algal colls than in the media, indi-
catang that concentration and passage of the biplhenyl
compounds through the food chain may take place.
Neither Aroclor 1242 nor DDT in the amounts tusnted
appcared to havae any cffeet on the growth or cell
denyity of Tetyahyincnn vorax cultures, A sumnary

of the results of the toarcity tests on Dgaplnia,
ostracods, and guppies is presented in Table 1.,
Aceording to the takle, paphnia pulex were guite
sensitive Lo additions of Aroclor 1242 as low as
0.02 ppm. The toxicity of PCi and DDT to the
avtracod Cypridopsis vidua appcarced to be approxs=
imately the same. Young guppies dicd in concens=' -
trations of 2 ppm Aroclor 1242. Aroclor 1242
appears to have a mueh lower toxicity to cladoe
cerans and guppies than p,p*-DDT. Although tho
cffect of PCB on algal growth appearcd to bo tome
porary, in view of itc ovident capability to be
passed through the food chain and its salactive
A

-
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.~ 3o media containing 20 ppm were dead by the fourth day,
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Lo . to attempt to predict its effect on tao _ecocyatem
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