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The effects. of "the carbamate pesticide aminocarb on two specles of

+
algae Chlorella pyrenoidosa and Chlamydomonas segnis were investigated.

Aminocarb used to control spruce budworm infestations 1s formulated
with nonylphenol and diluent "oil 585 for field spraying. The
formulated pesticide \(Hataéil. l.8D) inhibited population growth of

Chlorella at high concentrations, but the pesticide alone actually

1}

stimulated population growth at the same concentrations., Nonylphenol

was the toxic component in. the fo;mdlation. In uptake studies
employing cl%-aminocarb populations of Chloreli; ex;osed to the
aminocarb formulation accumulated a greater amount of the labelled
pesticide over time than populations exposed to aminocarb aion;. It
was suggested that nonylphenol in the pesticide formulation affected
membrane permeability thus increasing uptake of Cl4-aminocarb.

1

Not only was the population growth of Chlamydomonas unaffected by

the non—formulated pesticide, but the alga was also more resistant to
b

the formulated pesticide than Chlorella. To better understand the
- : . -

effects of the formulated pesticide on a;gal growth synchronoug

populations of Chlamydomonas were treated at various times with Matacil

1.8D. A critical time for inhibition of doubling- was lidentified

indicating that DNA synthesis was affected.

"
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RESUME S~

Les effets de 1l'aminocarb, un pesticide carabamate sur les algues
Chlorella pyrenoidosa et Chlamzdomonaa segnis ont été &tudiés. On se
sert de l'aminocarb pour contrdler les infestations.de la tordeuse des
bourgeons de 1l'Epinette. Avant l'arroaagé 1" aminocarb est mélangé au
donylphénole et atl'huile diluente #585. Ce mélange, nommé hﬁtacil
1.8D, est mortel: bour "Chlorella A forte concentration, mais le
pesticide seul stimuie la croissance de 1l'algue & la méme
concentraticn. L'additif nonylphéngle est le constituent téxique du

-mélange. Dans des _8&tudes d'assimilation avec le cl4-aminocarb, on a

trouvé quiune plus grande quantité d'aminocarb est assimilée par
ey

Pi-

Chlorelle quané_le pesticide ést.ﬁﬂiangé comme Matacil 1.8D que quand
le pesticide{est ‘seul. Il a été suggéré que'l'additif nonylphénole
nuit 2 la perméabilité ‘'des membranes, augmentant ainsi-la ‘quantité
d'aminocarb assimilée par l'algu;.

L'accroissement des populations de Chlamydamonas n'a pas &té

-

affecté par le pesticide seul. En plus, 1'algue Chlamydamonas est plus
réfractaire au Matacil 1.8D ﬁue 1'algue Chlorella. Four mieux
comprendre les effets du m&lange d'insecticide sur les algues, des

populations synchrones de Chlamydamonas ont &té traitées 3 différents

moments avec le Matacil 1.8D. Une période critique pour 1'inhibition

du dédoublement cellulaire a &té observé. Cela indique que la synthése

de 1'ADN est affectée.

»
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INTRODUCTION
e

Forests cover more than omne-third of the. rand area of North
America. In the Uni:Fd States 750 millign acres are forested and in
Canada 550 million acres (McEwen and Stephenson, 1979). Forest pests
are maﬁy. Destruction by insect pests such as several specles of
$awfly, looper, and waeQil are not new to Canadian forests; In the
past this destruction was noﬁ considered significant but today it is
recognized that timber reserves are not 1nf;nite and this |is
particularly true of.thése specles which are of economic use. These
consider;tions together with a citizenry more sensitive to the
consequences of ecological perturbation have led to a change iﬁ
attitudes making the preservation og'foreats of paramount importance.

In New Brunswick, for gxample,. infestations by %pruce budworm

(Choristoneura fumiferana Clemens) caused a loss of 10-33% of the

merchantable standing crop in 1975 (McEwen and Stephenson, 1979). Such
losses are significant in New Brunswick where forestry comprises 20X of
the economy. Not only are forests an important economic resource but
they also serve as a refuge for wildlife and as a reéreational area for
people. The diverge ordeé.of Lepidoptera to which the budworm belongé
contains the most damaging defol}ating insects and the spruce budworm
has caused extensive damage to the forests in North America.

Several species of spruce budworm live in geogréphically isolated
regions of North America. The eastern spruce budworm is dominant in

the forests of eastern Canada and Maine. The i1insect larvae over
Dt -



winter among the needles of the host conifer. After completion of
diapause in early spring the larvae.begin to feed on vegetation. There
are six larval instars and tﬁe last is the most destructive. The
insect pupates for about ten days and emé}ges és a small brown moth.
These moths usually mate the first day after emergence. Females
deposit the eggs near their site of emergence thus starting anotheg
h generation—of spruce budwerms.
Since 1700 spruce budwormloutbreaks in eastern Canada and Maine
have occurred at least six times previous to the present outbreak
T T~ -
f%ﬁggig;cille, 1975;?_'X_E§319 has developed between the spruce budworm
and the fir—spruce-birch forests. The pattern of budworm infestations
in Greén Rlver, New Brunswick, was documented by Baskerville (1975).
An outbreak occurred in 1877 ki;ling mos€ﬁpf the balsam fir in mature
forestsl and leaving 1immature stands. These young dense stands
dominated by fir matured until favorable weather brought about énother
budworm 1nfestation from 1913 to 1919. The cycle began again with
another budworm outbreak occurring 1in 1949, This outbreak had a
different ending since experiments in Ontario indicated that DDT could
control the budworm. Aerial application of DDT gained widespread use
in spruce budworm control in northeastern United States and Canada from
1944 to the mid-1960°'s.
DDT was applied to New Brunswick foresté at the rate of 1 1b
active ingredient (AI) per acre from 1952 to the early 1960's. 1In

spite of high larval mortality the outbreak of 1949 did not stop. This

fact along with the observation of high fish mortality (Kerswill, 1959)
v



and reduced populations of aquatic invertebrates (Kingsbury,l i976) -
after spraying brdught about a ‘reQuctiéd in the DDT dosage to .25
lb/acre and the use of phosphamidon on forested areas near major lakes
and streams. In 1968 DDT was b;nned,in Canada for use in operational
control programs against forest .ilnsects because research indicated that
DDT was persistent in the environment (Kenaga, 1972; Bevenue, 1976)
and its breakdown products ;ere also texie to liviag organisms (Brooks,
1974).

In £969 fenitrothion was substituted for DDT and applied'ét the
rate of 3 oz active 1ingredient/acre. Between 1952 and 1973 15 mill;on
pounds of DDT and more than 3 million pounds -of fenitrothidﬁ were
sprayed on 50 million acres of New Brunswick forests for Bpfuce budwormﬂ
control (Miller and Kettela, 1975). Spruce budworm infestation is not
limited to New Brunswick forests. 25 million acres are affected in
Ontaric, B85 million acres 1in Quebec, and severe defoliation has
occurred 1in Manitoba, Nova Scotia, Prince Edward Island, and
Newfoundlané.

In the 1960's concern over the use of pesticides lead to
widespread testing in the laboratory and field of new chemicél\
.pesticides. Carbamate pesticides grew in popularity due to their low
mammalian toxicity and nonpersistencé (Kuﬁr and Dorough, 1976): Since

1972 the carbamate pesticide aminocarb, 4-dimethylamino 3-methylphenyl

N-methyl carbamate {Appendix A), has beed used experimentally and

operationally to control spruce budworm infestation.

Aminocarb or Matacil(:)was first synthesized by Bayer Leverkasen

in 1963 and has been researched in the United States and Canada by the
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Chemagro Division of the Baychem Corporation. Amino?arb inhibics
cholinesterase in the central nervous system {Kuhr and Dorbugh, 1976).
Briefly, a nerve impulse causes the release of acetylcholine at the
presynaptic membrane. -Acetylcholine diffuses across the Eynapse to the
péstsynaptic membrane where it binds to receptor sites causing the cell
to pass the impulse. The enzyme acgtylcholinesterase hydrolyzes the
acétylcholine s0 that 3timulation'of;the receptor ceases. Aminocarb
complexes with hcetylcholinesterﬁﬁe thus preventing hydrolysis of
acetylcholine. The accumulation of acetylcholine at_the synapse allows
continuous . trangaission of nerve 1lmpulses and nervous coordination '
detericrates.

For operational use aminocarbd is foEmulated with nonylphencl and a
fuel oil distillate, 585 diluent oil,land this mix is registered as
Matacil 1.8D OSC (Appendix A). The surfactant nonylphenol (a mixture
of parasubstituted monoalkyl phenolaj together with the fuel o0il
distillate (a mixture of 1o§'molecular welght alkanes and naphthalenes)
maintain the lipophilic aminocarb in solution. In Matacil 1.8D the
nonylphenol, diluent 611, and aminocarb are mixed in the ratio of 5:3:2
w/w/w, respectively. Matacil 1.8D is mixed with diluent oil for field
spraying (common field dilutions of Matacil 1.8D : dilu;dt oil range
from 1:1.88 to 1:2.84) and the spray formulation is applied at thé-rate
of .603 oz/ hectare (ha) tZ—S ug/ml aminocarb). For purposes of

registration the adjuvants are regarded as biologically inert; the

o

" pesticide alone is rated as the active ingredient.

Initiall& investigations in pesticide research were undertaken on
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the toxicity and mode of action of aminocarb in laboratory organisms.
The metabolism of aminocarb by houseflies and rats and identification
of ‘the metabolites has been studied {Metcalf et al., 1967; Tsukamoto
and Casida, 1967; Oonnithan and Casida, %?68). Reéfarch has also been
co:ducted on the metabolism éf aminocarb'%y bean pla;ts {Abdel-Wahab et
al., 1966; Kuhr and Casida, 1967). Several studies compared aminocarb |
metabolism in plants and animals (Lykken and Casida, 1969; Kuhr, 1970).
An. overview of the metabolic and degrédative pathways of aminocarb is
presented by Schlagbauer and Schlagbauer (19?2).

Aerial applications of pesticides provided an efficient means for
mass treatments of forests. But with this efficlency came the
possibificy of affecting a larger ecological Iarea. Thus,
investigations have shiftéd to the effects of the aminocarb spray
formulation of wnontarget organisms of the forest ecosystem. The
effects of :spraying on terrestrial flora have been studied. After
trunk injection of aminocarb into spruce trees the yoﬁng nee&les
concentrated the pesticide up to 2,28 ug/ml after 21 day8 (Sundaram and
Hopewell, 1977); after 89 days no aminocarb was detected in the foliage
and little aminocarb was detected in the roots. No depression of
fecundity or seed set of native forest plants was noted after aminocarb
spray‘ treatment (Thaler and Ploﬁright,‘ 1980). In fact, two plant
species had significantly higher fecundi;y than the same species 1in the

untreated control area.

More extensive work has been conducted on the effects of budworm

¢

spraying on terrestrial fauna. Certailn hymenopterous pollinators are



affected by aqrial--treatment with the amiﬁocarb spray formulation.
fbamage to adult foragers of domestic bees was observed at spray dosage
of 32 g Al/ha (Buckner et al., 1975). fhe number of worker bees
fetupned to normal lévels after three days. No affect was noted on
queens, brood, or newly emerged bees.l Aminocarb spray formulation
applied at 70 g AI/ha caused no increased mortality in bumble bees but
a significant knockdown of solitary bees was observed (Plowright and
Rodd, 1980}. |
Field 1investigations of forest bird populations "(finches,
sparrows, thrushes, and warblers) after aminocarb spray formulation
application have revealed no ecological 1mpact. Although some
songbirds (yellow throats, black warblers, and white warblers) showed a
slight reduction 1n numbers éfter spray applicaton at 52 g AX/ha, no
adQerse effects were noted at 70 g "AI/ha (Buckner et al., 1975).
Moreover, three applications of the spray formulation at 70 g Al/ha’
with an interval of six days between applications or two applications
at 87 g Al/ha with five days between aéplications produced no increased
'mortality or interfdp;ion of activity such as singing and foraging in
forest dwelling birds (Buckner and MclLeod, 1977a).  Birds' also
displayed no symptoms of pesticide stress such as erratic flight or
bili wiping. NBreeding territories remained intact after three aerial
applications at 52 g Al/ha (Kingsbury and McLeod, 1980).
Small mammals such as mice, shrews, and voles appear'also to be
unaffected by the aminocarb spray formulation; " No interruption of

breeding was observed after application of 105 g AI/ha (Buckner et al.,

L]



1973) or two applications of 52 g Al/ha (Buckuner and Sarrazin, 1975).

The effects of forest spraylng on large mampals. has not been

.

extensively investigated although deer populations were reportedly
unaffected after two abplicatiops _of the spray formulation at 52 g
Al/ha (Buckner and McLeod, 1977b). ‘

Numerous studies have been undertaken on the effects of aminocarb
on aquatic life si#ce streams and lakes form an integral part of forest

ecosystems. Laboratory, inveéstigations revealed a 48-hour LCsy

" (concentration of pesticide which killedu501'oFﬁ£he test sﬁecies) of

v

1.1 yg/ml aminocarb for Atlantic salmon (N{Eﬁm, 1975) and a 24-hour
LCsp bf 39 ¥g/ml for alfreahwater amphipod (Sanders, 1969). At low
cghcentrations of aminocarb of 10-25 ug/ml bubble-making and unidirec-
tional swimming were reduced in ﬁadpoles. 24-hour LCs0's for small
and large tadpoles. were 247 and 234 ug/mi, respectively (Lyons et al.,
1976). | g '

© Aquatic ecosystems have- been monitored after -aminocarb formulation
aprayi#g for possiblé pesticide impact. Aquatic 1anvertebrates are
generally unaffecte;‘ but certain species ‘are. more sensitive than
others. For example, spray applicatién at 52 g Al/ha reduced stonefly
populations (Buckner et al., 1975) and increased:blackfly larval drift
(Holmes, 1979). No damage to adult or larval amphiblans has been
observed after applications of 70 g Al/ha (Buckner et al., 1975} or 105
| g Al/ha (Rick and Gruchy, 1971). Fish populations were not affectéd by
either ;ne application (Holmes, 1979) or two applications (Buckner and

McLeod, 1977b) of 52 g AL/ha of the spray formulation.

Field investigations of spray programs involving were than one

.
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pesticid;,hav; been conducted. .For example; the ecologica; impact of
treatment-with formulated fenitrothion at 140 g AI/ha.followed by the
aminocarb spray formulation at 52 g Al/ha ten to fourteen days later
;as studied (Buckner et al., 1974). The combined tréafment had no
effect on small “ammals or birds. Another program employed ‘ﬁwo
applications of the fenitrothion formulation at 280 g AI/ha followed by
one application of the aminocarb sgpray formulation at 70g AI}ha
(Kingabury, 1978). After theramihocarb spray formulation no changes in
bottom fauna, benthic fauna, or fish.were observed, although short-

lived increases in lnvertebrate (mayfly and stonefly nymphs or blackfly

‘and midge larvae) drift were noted.

- - -

Most of the research in pesticide toxicology has ‘emphasized the

effects of the pesticide, not the formulation adjuvants on selected

organisms. There have been, however, a few investigations comparing

the effects of aminocarb, aminccarb formulations, or the formulation

adjuvants on pontarget organisms. An aminocarb formulation with 17%

pesticide was 300X more toxic to fish than technical grade aminocarb
(Woodward * and Mauk, 1980). Mussels exhibited low ac;umulation
coefficients f;r the uptake of  aminocarb or nenylphenol but a
relatively high coefficient for diluent oil 585 (McLeese et al., 1980).
Lethalicty of the aminocarb formulation to Atlantic salmon was
attributed almost entirely to nonylphenol whereas, nonylphenol was only

slightly more toxic than aminocarb to a marine crustacean (McLeese et

al., 1980). In both organisms diluent oil 585 contributed little to

the toxicity of the aminocarb formulation. The major toxicity of



Matacil 1.8D to cultured cells was demonstrated to be due to
nonylphenol (Li et al., 1981).

Field investigations comparing aminocarb formulatioﬁ sprayed at
seasonal maximum dosage (175 g Al/ha) and nonylphenol sprayed ﬁo glve
‘an equivaleﬁt amount 1in this formulation were reported (Holmes and
Kingsbury, 1980). Aminocarb residues of .024 1g/ml were detected in
streams after .5 hr., and nonylphenol residues in flowing water peaked
at 009 ug]ml after 1 hr. and in stagmant water levels as high as 1,1l
ug/;l nonylphenol were -detected after 4 hr. Whereas nonylphenol did
not affect aquatic or terrestrial invertebrates, the formulation
produced decreased bottom fauﬁa pépulations with accompanying increased
drift. The formulation also caused a siguificant knockdown gé
terfestrial invertebrates especially DipEera:‘ Homoptera, aad
Hymenoptera. This effect was st{ll evident after three days.

Research on the effects of the spruce budworm spray program on
aquatic plants especially algae inhabiting lakes and'streams in treated
forests has been neglected. Algae perform a substantial part of the
total photosynthesis in freshwater ecosystems (Talling, 1975 a, b) and
form the .base of extensive food webs. Research in Ialgal pesticide
toxicology 18 1important sin;e any perturbance of the primary
productivity would affect the total energy budget of Fhe system, and
this could ultimately affect other organisms in the Eltonian food cha;n
aﬁd even diversity within a community. This latter perturbation has
been demounstrated by Mosser et al. (1972), Edwards (1972), Fisher et

al, (1974), and Taub (1976) who found altered species composition after
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pesticide treacménts. Probably'the,first suggestioﬁ.that pesticides
affected algae was lnoted by Shane (1948) who observed algal blooms
fo;low;;g pesticide application. Demonstration of pesticide toxicity
to marine phytoplankton by Ukeles in 1962 emphasized. the need for
further {investigations 1nto the impact of pesticides ’;n _algae.
Knowledge of the widespread contamination of waters by DDT led to
extensive research into its effects on algae. The totality of the
investigations on DDT represent the most extensive research effﬁrt
conducted on any single pesticide (Butler, 1977).

The purpose of the present research was to widen thejbounddfies of

our knowledge in relation to the relatively new pesticide, aminocarb,

and its formulation mix Matacil 1.8D using the population dynamics of

freshwater algae as a gauge of potential perturbation of freshwater
systems within the forest ecbsystem. While a great variety of algae
live in ‘aquatic enviroonments two species of green.algae were chosen for

this investigation, namely, Chlorella pyrencidosa Chick and Chlamydomo-

nas segnis Etrtl. Chlorella are found in freshwaters of northeastern

Canada (NSERC Report, 1977) where aminocarb spraying occurs. Chlorella

pyrenojdosa is alao used exténslvely in labofatory'studies. Chlamydo—

monas segnis is found in marshes of Manitoba (Badour et al., 1977) and

could also be‘affected by spruce budworm treatment programs. Although

its distribution 1is unknown and it is not a common labotatory species,

it was used because it could be easily synchronized.
The main hypothesis of this thesis was that the aminocarb

formulation Matacil 1.8D which contains nonylphencl, a nonionic
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surfactant, and diluent oil, a mixture of petroleum hydrocarbons, would
have a greater impact on algae than aminocarb alone. :This simple
hypotheais w;s ﬁounded on wany studies which reported the toxic effects
of both surfactants and petroleum hydrocarbons on “plants and animals.
For example, surfactants have been éhowu to enhance the toxicity of
herbicides. A mixture of pichloram and the surfactant Atlox 210 was as
effective: as four times the amount of pichloram alone in reducing the
numbers of saplings (Corns and Dai, 1967). Paraqud: Foxicity was als;
reportedly enhanced by several nonionic s;rfactants (Smich and Foy,
1967): Many surfactants including nonionics have been shown to inhibit
the growth of crop plants suéh\as oats, flax, and peas (Luzzati, 1974)
aﬁd wild oats and radish (Merritt, 1976). Mpreover,‘the toxicity of
surfactants to'aquatic organisms has been demonstrated. Lethal effects
of surfactants have been'repArted for Atlantic salmon (Wildish, 1974),
salmon fry (Kuroda, 1976), and barnacles (Wright, 1976). &he growth of
marine phytoplankton was inhibited in varying degre;s by surfactants
(Ukeles, 1965) and green algae actually sorbed and degraded certain
surfactants (Davis and Gloyne, 1969). l

The effects of phenolics especially ;}he widéspread 'bollutant
polychlorin;ted biphenyl (PCB) on algaé ha;e bee investiga£ed.- PCB

reduced the growth rate and .photosynthesis of mariue

et al., 1977) but did not affect a marine green alga or two species of
freshwater algae (Mosser et al., 1972). On the other hand, PCB was

highly. toxic to Chlorella pyrenoidosa (Cole and Plapp, 1974). Low
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concentrations of many phenolic; have been shown to gcimulate growth,
photosynthesis, and respiration in algae whereas. high <oncentrations
were algiéidal'(Buikema, k979).

Tﬁe effects 6f petroieum hydrocérbqne on 'aig;e ha;e also/}uﬁﬁf‘)
repofted (Kauss and Hutchinson, 1975;.Soﬁo et al., 1975; Soto et al,,
1977;. Moody et al., 1981). These atudies_ hav}e showa that "héphthalené,
a major constituent of crude oils and a cbmponént of{dilugnt oil,
affected population growth, photosynthesis, and cell ultrastructure in
freshwater algae.

These studies Fhen would seem to substantiate the hypothesis that
the aminocarb ' formulation Matacil‘l;BD has the potential ,for gréater
effects on the two algal abecies than the aminocarb alone.

To e%ucidate ady toxicity of aminocarb, Matacil l.Bb, or the
formulation adjuvants, the effacts of these chemicals on cell density

and greyth rate of both algal'sbecies were examined. The effects on

cell size, chlorophyll content, and uptake in Chlorella pyrencidosa and

cell cycle in Chlamydomonas segnis were also assayed.




MATERIALS AND METHODS
2.1 Chemicals

Technical grade aminocarb, Matacil 1.8D, (aﬁinocarb dissolved in
nonylphenol and #585 oil, 2:5:3, w/w/w), nonylphenol, and diluent oil
#585 were gifts of Mobay Co. Ltd., Mississauga, Ontarigi Canada., Ring o~
labelled Cl!“-aminocarb (5.01 mCi/nmole, 98% purity) was purchased ford/
New England Nuclear (USA). The organic solvents used for preparation
of standard concentrations of aminocarb, Matacil 1.8D, and adjuvants .
and for chlorophyll extraction were glass distilled, pesticide grade
(Caledon). Chemicals used for preparation of algal culture media and
Scintiverse used for liquid scintillation counting were purchased from
Fisher Scientific Co. Difco Bacto—Agar was used to solidify culture

media.

2.2 Algal Cultures 1

.

Cultures were periodically checked for viability and contamination
by agar plating. Cell counts of initial inocula were wmade with an
improved Neubauer hemacytometer.

2.2.1 Chlorella

Cultures of Chlorella pyrenoidosa Chick were obtained from the
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Culture Collection at Indiéﬁa University.
(a) Growth studies and Cl“-aminocarb stuaies

Liquid cultures were maintained in Bold's Basal Medium (BBM) pH
6.8 (Bold, 1942) in 20 x 150 mm Pyrex(:)screw—cap culture tubes and
placed on a shaker (78 oscillations/min.).

‘ To measure dead cell uptake in the cl"-aminocarb studies cells
‘'were frozen with liquid nitrogen and allowed to thaw at room
temperature. Gross microscopic examination revealed intact cglls and
agar plating verified 100X mortality.

{b) Chlorophyll studies
Liquid cultures were maintained in BBM in 250 ml-Pyrex(:)screw-
cap Erlenmeyer flaéks and placed on a shaker.
(c) TC5y determination of nonylphenol
,Cells were ;ultured on solidified BBM in petri plates. BBM was
solidified by adding agar at a concentration of 1.0% (Nichols, 1973). %‘
Liquid cultures and agar plates were incubated in a Hotpack gr;wth.
chamber (5 klux, Lﬁhf light: 8hr dark phopoperiod provided 6} Sylvania

cool white fluorescent lamps, 23°C).

~r

2.2.2 Chlamydomonas

Cultures of Chlamydomonas segnis Ettl were a gift from Dr. D.C,.

Mortimer, National Research Council, Ottawa, Ontario. For all studies
algal cultures were maintained in the nutrient medium of Kuhl and

Lorenzen (1964) as modified by Badéur and Waygood (1971).
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(a) Growth studies
Cells were grown in 20 X 150 mm Pyrex(:)screw—cap culture tubes,
placed on a shaker, "and incubated in a Hotpack growth chamber (% klux,
12 hr light: 12 hr dark photoperiod provided by Sylvania coocl white
fluorescent lamps, 25°C ).
(b) Cell cycle
| Cells were grown in' 500 ml nyex(:)filter flasks. The cultures

were bubbled with air (.03% CUpy 44 coast;hcly mixed with a magnetic

stirrer, The incubation conditions were the same as in the growth

x

studies except the light was increased to 7 klux.

2.3 Growth Studies

The change 1in population density of the algal cultures was
determined daily by reading the transmission of each culture tube in a

Coleman (6/28) spectrophotometer at 540 nm. The transmission values
were converted to optical density using the equation:

.
H
-

0= Logyg (1)
T

where ‘ . '
0D = optical density

T = transmfkq}on

\ - .
- = Il’. / 1y )
and . L R

It = transmitted light

Iy = incident light
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The initjal value obtained for each culture was subtracted from each
subsequent reading and the AOD-Qaiues determined in this manner were
plotted'versué time to give a growgh curve for each treatment {Sorokin,
.}973) (Appendix B). A straighf line was fitted to each curve to.permit
calculation of growth rate (slope) and determination of the length of
the lag phase (iatercept of this line with the time axis). The use of
culture tubes permitted the direct reading of Ol without subsampling.
The OD of tubes containing nutrient medium alone did not change for the
duration of the studies.

The growth rate of thé algal cultures was calculated using the

equation:

X
Growth rate = 2 = X)
ty - t)

where

xl, X2 = the 20D- at the beglnning andiygnd of the period

during which growth was measured

o
1, t2 = corresponding times in days at which X] and X2

were determined J/

-
The growth rate was determined for the first six days of growth in the
Chlorella studies and the first five days of growth 1in the

Chlamydomonas studies.




2.3.1 Chlorella

In parallel studies,-aminocérb, Matacil 1.8D, nonylphenol and #585
0il were used at a range of concentrations above and below those used
operationally in the budworm abatement program. Concentrations of ,0l
to 10.0 upg/ml of pesticide were uéed to simulate field levels or
watershed contamination. ‘In each case, the xenobiot;cs were added to
triplicate tubes containiég 4 X 10° cells to. give final concentrations .
of .01, .1, 1.0, 3.0, and 10.0 ug/ml aminocarb or aminocarb as Matacil
1.8D, or .025, .25, 2.5, 7.5 or 25.0 ug/ml nonylphenol, or .0l5, .15,
1.5, 4.5 or 15.0 pg/ml diluent ‘585 oll. The concentracioﬁs of
nonylphenol and 585 oil are'the relafive amounts found in thé Hatacil
1.8D series of .0l to 10.0 pg/ml aminocarb,

A 24hr 'TC50 for Chlorella cultured with nonylphenol
- concentrations of 0, 2.5, 5.0, and 7.5 ug/ml was determined. After
treatment, the algal samples were washed with fresh medium and plated

on nutrient enriched agar. ' After 2 weeks of growth in the coatrolled

environmental chamber, the numbers of colonles per plate were counted.

2.3.2 Chlamydomonas

/

In parallel studies aminocarb or Matacil 1,8D  were added, to .

triplicate tubes containing 4 X 10 cells to give final concentrations

‘of 1.0, 3.0, and 10.0 pg/ml aminocarb.
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2.4 Cell Size Distribution

Following the 19 day treatment period Chlorella populations
growing in Ege fivelconcencracions ef aminocarb or Mataéil 1.8D were
sampled for cell sizing. Cell numbers were counted and cell diameters
were measured usiqg an improved Newbauer chamber and a; eyepilece linear

" micrometer. The proportion of cells in three size categories (0-3.7

ym, 3.75-7.4 ym, 7.45 — pm) was determined.

2.5 Chlorophyll Study

Chloreila cultures (1 x 10% cells/ml) were added to triplicate
flasks containing 3.0 ug/ml,aminotarb.' Algal samples taken over & days
were centrifuged and extracted with 100X methanol for 24 hrs. in the
dark {(Parsons, 1966). The samples were homogenized “;iﬁgiea tissue

. » T

grinder, The extract was measured in a Unicam SP 1800 Ultraviolet
) Y .

spectrbphotometer at 650, 665, and 750 nm in a 1 cm cell. The optical
il
clarity of the solution was checked with readings at 750 om. Total

chlorophyll and chlorophyll a and b were calculated using the equations

derived by MacKinney:

Chly = 4 Aggs + 25.5 Ags50

Chla = 16.5 A’665 - 8.3 A.650

-

Chly = 33.8 Aggs - 12.5 AgsQ
(Holden, 1976).



2.6 Uptake of Cl%aminocarb

Chlorella cultures were added £o triplicate tubes containing
either aminocarb in Matacil 1.8D plus C!Y-aminocarb or aminocarb plus
Cl-sminocarb. In all cases, Cl%-aminocarb represented about 20% of
the total aminocarb. Sampling was conducted over 7 days except for the
dead cell study which was éampled over 5 days.

Samples were suction filtered through Whatman GF/C glass fiber
filters and washed with distilled water. The filter with algae and the
filcrate were counted in Fisher Scintiverse using the cl% and H3-
channels of ‘the Beckman Scintillation Counter Model LS 233. The counts.
were corrected ?Eor quench 'using théh‘ﬁxternal Standard-Channel Ratia

{ESCR)} Method <{Beckman Instructions, 1976). Quench curves were

prepared by plotting counting efficiency against the ESCR number (ratio
L .

of two counts of the external standard minus the sample) for each

quenched standard. Pobulation density and cell number were determined
spectrophotometrically as discussed previously and the disintegrations

per minute (dpm)/ 108 cells or the dpm/ml was calculated.
2.6.1 Effects of the formulation

Chlorella cultures (3 x 10°% cells/ml) were treated with 3.0 ug/ml

aﬁinocarb‘or an equivalent amount of aminocarb formulated as Matacil
'V‘n.

1‘-80. * , .



2.6.2 Dead cells

Freeze-killed algal cultures (3 x 10® cells/ml) were maintained in

3.0 yg/ml aminccarb,
2.6.3 Effects of cell concentration

Three different initial population densities of Chlorella (1 x
108, 2 x 109, and 3 x 10% cells/ml) were gréwn in 3.0 yg/ml aminocarb.

-

2.6.4 Binding of Cl%-aminocarb

,Chlorella cultures (2 x 10° cells/ml) were grown in 3.0 wg/ml
aminocarb., The uptake of unwashed cells was compared with the uptake
of cells receiving 3X the amount of wash or the normal amount of wash
before scintillation counting.

2.7 Depuration of Cl“-Aminocarb P

Three day old Chlorella cultures growing in 3.0 ug/ml aminocarb
enricheﬁ with Cl“-riné labelled aminocarb were harvested by
centrifugation and resuspeﬁded in fresh nutrient medium to give 3 x 10®
cells/ml. Sampling and calculations were as described for the uptake

gtudies.
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2.8 Cell Cycle

iy

Populations 6f Chlamydomonas were synchronized by the iqduction
method of Badour and Waygood (1971). Briefly this required populations
(1 x 105 cells/ml) to be subjected to alternating periods of 12 hrs
light : 12 hrs dark. At the end of the dark period the algal
suspensign wag diluted back to the original cell number. After 4 days
the populations were synchronized: most cells (95%) divided at the

—
same time and at the same rate. :

Cultures were treated with 1.0 pg/ml aminocarb in Matacil 1.8D at
the 10th (-2 hr darkness), 12th (0 hr ldarkness), or lath (+2 hr
darkness) hour of the cell cycle. Thevpercént dou#ling of the control

and. treated cultures was compared.

2.9 Statistical Evaluation

The data was evaluated statistically wusing a BMDP Biomedical
Computer Program, University of California, Berkeley, Calif. and a

Tukey wultiple range test (Neter and Wasserman, 1974).

r
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RESULTS

v
3.1 Growth Studies

3.1.1 Chlorells

The population growth of Chlo;ella was not significantly affected
by low concentrations (.01 or .l ug/ml) of aminocarb or aminocarb in
Matacil 1.8D (Figs 1 & 2). _ When the pesticide concentration waé
increased to 1.0 ug/ml, the algae in the non—formulated pesticide sets
grew as well as those in the control sets but the growth of the algae
in the formulared sets was adversely affecced.‘ This was evidenced by a
4 to 5 day delay 1in Ehe-initiation of poéﬁiation growth; Following
this 1initial lag,‘ the growth rate was significantly. greater than

-

control sets and by 19 days post—treatment the size of the populaticns

was equal to those of the untreated controls (Fig. 3). Exposed to 3.0
yg/ml aminocarb the algae treated with the non—-formulated pesticide

consistently gave rise to;populations with 15% greater OD {ACD = .13)
than the untreated controls, while the sets exposed to the formulateq‘
pesgicide evidenced a prolonged l0-day lag in population‘growth. The
growth rates of both sets were similar and relatively‘greater (p>.05)
than control sets. Because of the initial lag, the final populations
of the séts exposed to the formulated pesticide were less than 30% of
the control sets ’after 19 dayé post—treatmént (Fig. 4). At

concentrations approximating a mild spill (10.0 ug/el aminocarb)



Chlorella cells exposed to the noo—formulated pesticide gave rise to
pqpulatiéns 30% greater-than untreated control sets. The growth rates
-of these populations were also significantly (p<.05) greater than the
control populations. Formulated aminocarb at the same 10.0 pg/mi
concentration of "active ingredient” pg;ticide was completely "
inhibitory (Fig. 5).

The wmean OD over the 19 day study of populations treated with the
non-formulated pesti&ide increased with increasing coucentration. of
aminocarb (Fig. 6). Populations: exéosed to the two highest
concentrations of aminocarb had significanciy (p<.05) greater densities
than control populations. | Moreover, the g;owth rate of aminocarb
treated populations Increased with 1increasing concentration of
pesticide, although only the growth rate of cultures créated with 10.0
ug/gl aminocarb was significantly (p<.05) greater (48%) than'c;ntrol
cultures (Fig. 7).

In the formulated pésticide sets the growth rates (Fié. 7) of the
populations treated with thel two lowest concentrations of aminocarb
were relatively lower. than control populations resulting in somewhat

. —
lower mean ODs after 19 days (Fig. 6). Populations treated with 1.0 or
3.0 ug/mI aminocarb in Matacil 1.8D exhibited a.lag phase before the
initiation of growth resulting in lower mean ODs than c;htrol
populations. However, their subsequent growth rates were higber than
controls. Tﬁis delay in growth increased with increasing concentration

of formulated pesticide until complete inhibition of growth was evident

at the highest concentration of 10,0 pg/wml aminocarb in Matacil 1.8D.



24

When populatio;s of Chlorella were exposed to nonylphenol or diluent
oil at concentrations comparable to those found in .01 or .l ug/al
amiqccarb formulated as Matacil 1.8D, the final cell populations were
unaffected (Figs. 8 & 9). At concentrations of adjuvants equivaient to
those 1in 1.0 ug/wl aminocarb formulated as Matacil 1.8D, the
populations treated with diluent oil (1.5 ug/ml) were unaffected
whereas the populations treated with nonylphencl (2.5 mg/ml) exhibited
a 3-day delay in growth. However, by 25 days post—treatment the final
population size was equal to uptreated controls (Fig. 10}. Exposed to
concentrationé of adjuvants found in the 3.0 1g/ml aminocarb formulated
Matacil mix, again, only the sets treated with nonylphenol (7.5 ig/ml)
were adversely affected. Initiation of population growth was delayed
by 9 days and the final populations were:about 30% less than control
populations (Fig. . 1l1). Treated with concentrations of adjuvants
-comparable to those obtained in the 10.0 ¥g/ml aminocarb formulation

mix the diluent oil (15,0 ug/ml) did not affect population growth;

whereas, the nonylphenol (25.0 ug/ml} completely inhibited the growth\

of Chlorella (Fig. 12). A 24 hr TCqQ (concentration of pesticide
which was toxic to 50X of the test organigma) was obtained with 1;5
pg/ml nonylphenol (Fig. 13). )

The three highest concentrations of nonylphegol delayed the
population growth of Chlorella resulting 1in decreased population
densities after 25 days post—treatment. As the nonylphenol

concentration increased the lag phase before growth also increased

producing a decreasing mean OD for these populations (Fig. 14). The
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growth rate of.populations increased with increasing concentrations of
nonylphenol until complete inhibicion 6f grqw;h was evident at the
‘highest concentration (Fig. 15). Relatively higher growth rates of
sets treated with 2.5 ué/ml nonxlphenol resulted in a mean 0D ‘uot
significantl} different from controls even after a 3-day lag in érowth.
Although the growth rate of populations exposed to -7.5 ug/ml
nonylphenol was more than twice {(pf<.05) the rate of control
populations, the mean 0D after 25 days posf—treatment was significantly
less than controls because of the initial delay in gfowth.

The growth rate of populations exposed to diluent oil increased
with increasing concentration to a maximum 252 greater than controls at
1.5 pug/ml oil., At higher concentrations of oil (4.5 or 15.0 ig/ml) the
growth rates of treated populations were similar to the untreaeed
controls (Fig. 15). This growth ra;g pattern associated with
increasing concentration of diluent oil was reflected in a similar
pattern in the wean ODs obtained in treated pobulations (Fig. 14).
However, at any concentration neither the growth rate nor the mean 0D
of treated populations was significantly different from coatrol

populations.

3.1.2 Chlamydomonas

- The population growth of Chlamydomonas was not significantly

affected by any concentration of aminccarb (Fig. 162. Furcthermore,

’

7



the growth rates of none of the'treated-populations were significgnqu
different from the untreated controls (Fig. 17). fncreasihg
concentration of aminocarb gavé rise to final populations equal to
those of control sets and hence mean O0Ds were not significantly

different from controls (Fig. 18).

When the Chlamydomonas populations weré exposed to the same

concentrations of aminocarb formulated as Matacil 1.8D, populatioh
growth was depressed below the untreated controls and aminocarb treated

populations (Fig. 19). 16 days post—treatment, the populations of sets

exposed to 1.0 and 3.0 ug/ml aminocarb iam Matacil 1.8D were 80% of the
control populations and the sets exposed to 10.0 Wg/ml aminocarb in
Matacil 1.8D gave rise to final populations only 70% of control

populations.
The growth rates of populations treated with the formulated
pesticide decreased with increasing concentration of dmiﬁpcarb in

Matacil 1.8D (Fig. 17). However, at any given concentration of

aminocarb, the growth rate of populations exposed to the formulated
pesticide was consistently lower than populations exposed to the non-
formulated pesticide, Populations exposed to 1.0 Heg/ml aﬁinocarb in
the formulation had a gerch rate only 13% greater than control -

populations. The growth rates of Chlamydodonas population exposed to

3,0 or 10.0 pg/ml aminocarb 1ia the formulation were 72% and 52%,°

respectively, of the untreated controls, altﬁough only the effect ‘of

the highest concentration was significant. The main effects of
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chemical and concentration were significant (p < .05) and the
interaction was not. -Over time these effects of the formulated
pesticide on growth rates resulted in mean ODs lower than controls. As
concentration of formulated pesticide increased, the mean OD over time

decreased (Fig. 18).

-



Figure 1. Growth curves of Chlorella populations Eiposed to .0l
ﬁg/ml aminocarb or aminocarb in Matacil 1.8D versus untreated {control)
populations, The average values of triplicate samples are shown

together with standard deviation bars for days 8, 13, and 18.
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Figure 2. Growth curves of Chlorella populations exposed to .l
ug/ml aminocarb or aminocarb in Matacil l.8D versus. untreated (control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 8, 13, and 18.
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Figure 3. Growth curves of Chlorella populations exposed to 1.0
pg/ml aminocarb or aminocarb in Matacil 1.8D versus untreated (control)
populations. The average values of triplicate samples are shown

 together with standard deviation bars for days 8, 13, and 18.
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Figure 4. Growth curves-of Chlorella populations exposed to 3.0
ug/ml aminocarb or aminocarb in Matacil 1.8D versus untreated {control)

populations.® The average values of triplicate samples are shown

together with standard deviation bars for days 8, 13, and 18.
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Figure 5. Growth curves of Chlorella popﬁlations exposed to 10.0
pg/ml aminocarb or aminocarb in Matacil 1l .BD versus uhnreated (control)

populations. The average values of triplicate samplés are shown

together with standard deviation bars for days 8, 13, and 18.
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Figure 6. The mean optical density (X OD) of Chlorella
populations exposed to .0l, .1, 1.0, 3.0, or 10.0 ug/ml aminocarb or
aminocarb in Matacil 1.8D. The average values of triplicate samples
over 19 days (N=57) are shown cogethér with standard error baré. The

X 0D of control populations 1is represented by the horizontal line.
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Figure 7. Growth rates of Chlorella populations expoaeci to .01,
., 1.0, 3.0, or 10.0 ug/wl aminocarb or aminocarb in Matacil 1.8D.
the average values for the first six days of growth of triplicate
samples are shown t-ogether with standard deviation bars. The growth’

rate of control populations 1s represented by the horizontal line.
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Figure 8. Growth curves of Chlorella populétions exposed to .Ol5
pg/ml diluent oil or .025 pg/ml nonylphenol vérsus untreated {control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 14, 20, and 25.



Optical density

35

| 2+ @ = Control
L == .015 pg/ml diluent
A = 025 pg/ml nonylphenol
|.OF %/
08I . /
A ®
o6 y
04
i ®
o2r
I . /
anaae | ,’ I T b PON T Y PUR U W S S S |
0O ) 10 15 25 30




Figure 9. Growth curves of Chlorella populations exposed to .15
ug/ml diluent oil or .25 g/ml nonylphenol versus untreated (control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 14, 20, and 25.
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Figure 10. Growth curves of Chlorella populations exposed to 1.5
ug/ml'diluent oll or 2.5 1g/ml nonylphenol versus untreated {control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 14, 20, and 25.
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Figure l1. Growth curves of Chlorella populations exposed to 4.5
yg/ml diluent oil or 7.5 g/ml nonylphenol versus untreated (control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 14, 20, and 25.
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Figure 12, Growth curves of Chlorella populations exposed to 15.0
pg/ml diluent oil or 25.0 w/ml nonylphenol versus untreated {control)
populations. The average values of triplicate samples are shown

together with standard deviation bars for days 14, 20, and 25.
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Figure 13. Determination of 24 hr TCgy of Chlorelia
populations exposed to 0.0, 2.5, 5.0, or 7.5 w/ml nonylphenol. The

average values of triplicate samples are shown.
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Figure l4. The mean optical density ‘(i 0D) of <Chlorella
populations exposed to concentations of diluent oil or nonylphenol -
équivaleﬁt to those found in';Ol, .1, 1.0, 3.0, or 10.0 pg/wl aminocarb
in Matacil l.8D. The cencentrations of diluent oll or nonylphenol are
indicated above or below the data points, respectively. The average
values of triplicate samples over 25 days (N=75) are shown together

with standard error bars. The X OD of control populations is

represented by the horizental linpe.

S
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Figure 15. Growth rates of Chlorella populations exposed to
concentrations of diluentloil or nonylphencl egquivalent to those found
in 01, .1, L.0, 3.0, or lU.U ug/ml aminocarb }n Matacil 1.8D. -The
concentrations of nonylphencl or diluent oil d4re indicated above or
below the data poiants, respectively. The average values for the Firsg
six days of growth of triplicate samples are shown together with
standard deviation bars. Thé growth rate of control populations 1is

represented by the horizontal line.
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Figure l6. Growth curves of Chlamydomonas populations exposed to
1.0 ug/ml {(a), 3.0 g/ml (b), or 1lU.0 g/ml (c) aminocarb versus
untreated (contrel) populations. The average values of triplicate

samples are shown together with standard deviation bars for days 7 and

days 12 or la.
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Figure l7. Growth rates of Chlamydomonas populations exposed to

1.0, 3.0, or 1lUu.l ;g/ml-aminocarb or aminocarb in Matacil l.BD. The
'average values for the first tive days of growth of triplicate samples

are shown together with standard deviation bars. The'growth rate of

control populations is fepresented by the horizontal line,
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Figure 18, The mean optical density, (X oD) of Chlamydomonas

populations exposed to 1.0, 3.0, or 10.0 yg/ml aminocardb or aminocarb

4

in Matacil l.80. The average values of triplicate samples over lb days

{N=48) are shown together with standard error bars,. The X OD of

control populations is represented by the horizontal line.
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Figure 19. Growﬁh curves of Chlamydomonas populations exposed to

1.0 ug/ml (a), 3.0 ug/ml (b), or 10.0 wg/ml (c) aminocarb in Matacil
1.8D versus untreated (control) populations. The average values of“

v

triplicate samples are shown together with standard deviation bars for

days 7 and 12.
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3.2 Cell Size Distribution

19 days post—treatment all populations of”"Chlorella growing in any
of the range of concentrations of aminocarb tested (.01-10.0 ug/ml)
contained a greater percentage of small cells than control populations
(Table 1). The ' concentration of pesticide Qithin this range had no
effect, sﬁch that increasing amounts of aminocarb did not significantly
alter the distribution of cell sizes, alchdugh populations exposed to
0.0 pg/ml aminocarb contained a greater percentage of cells 1in the
largest size range than any other tfeated populations or control
populations.

The size range discri?ution of populations exposed to W1 and.l
pg/ml aminocarb in Matacil 1.8D were similar to the aminocarb treated
populations in cthat they also contained a jreater percentage of small
cells <ompared to the control sets. However, the distribution of celf

sizes Iin populations treated with .0 and 3.0 Hg/wl aminocarb in the

formulation mix was similar to the control populations.



TABLE 1
Cell size distribution of Chlorell'a populations exposed te .01, .1,
1.0, 3.0, or 10.0 pg/ml aminocarb or aminocarb in Matacil 1.8D. The average
values of four chamber counts of the Levy-Neubauer hemacytometer for
triplicate samples (N=i2) are reported.

X Total Cells

0-3.71m  3.75-T.4m@  7.45 g0 NP
/
LY / *
Control 11.7 “ B8.3 T 0 213
Aminocarb '
01 ug/ml 27.5 72.5 0 284
N 19.3 80 .4 3 327
1.0 24 .4 75.1 .3 422
3.0 23.8 76.2 0 450
10.0 22.3 75.3 2.4 336
‘ ' . i;' .
Aminocarb in Matacil 1.8D
.01 (.025)% 22.3 77.2 .5 224
Ld (.25 25.5 74.5 0 286
1.0(2.5)¢ 15.2 84 .8 0 448
3.0(7.5)¢ 16.5 - 83.3 .2 557
10.0(25)€¢ 0 0 0 0]
a Diameterlof Chlorella cells
b Total number of cells measured in all samples
C

Concentration (yug/ml) of nonylphenol in Matacil 1.8D
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3.3 (Ghlorophyll {Chl) Content

The total chlorophyll conteat of Chlorélla treated with 3.0 ug/ml
aminocarb was not significantly affected over the six day period (Table
2). On day 4, however, treated cells did contain significantly more
chlorophyll. This difference was only temporary because the
chlorophyll content of the treated populaﬁions was agaln similar to the
control populations by day 6.

The amount of Chl, fluc£uated over the treatment period for both
populations with no differences between control and treated %ets
except, 4again, on day 4 (Fig. 20). The average amount of Chl, per
day was similar fofjtreatéé cells and untreated controls {Table 3}.
The amount of éhlb{égmained fairly constant throughout the six days
for treated and control populagions with no differences between the

daily average of both ‘populations.
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TABLE 2

Total chlorophyll (mg/1 x 107 cells) of Chlorella populations exposed to 3.0
pg/ml aminocarb versus untreated (control) 'populations. The average values of
triplicate samples are reported * the standard deviation.

/

Day Control TEZated % Control
0 1.42 + .032 1.36 * .026 95

1 1.18 + .009 1.24 * 056 105

2 1.12 £ ,043 1.20 * ,004 108

3 1.02 + .010 94 + 152 93

4 1.03 + ,103 1.34 * ,355 130

6 1.33 # + 059 96

031 1.27

Ls




Figure 20. Chl, and Chlp content ot Chlorella populations

exposed to 3.0 ug/ml aminocarb versus untreated {(control) populatiomns.
The average values of triplicate samples .are shown together with

standard deviation bars.
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TABLE 3

Chl_  or Chly (mg/l x 107 cells) of Chlorella populations exposed to 3.0
pg/ml aminocarb versus untreated (control) populations. The average values of
triplicate samples over 6 days (N=18) are reported * standard deviatious.

( Control Treated
S
~/
Chl, 866 + 172 . 872 t .194
Chly 319 = ,09¢6 .353 + 082
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3.4 Uptake of C!“-Aminocarb N

3.4.1 Effects of formulation

Uptake of the pesticide into the Chlorella cells was determined by
' .

direct C!% counts of the water and algae (corrected for their
respecg}ve quench). Since the populations were growing throughout thé.'
experiment an increasing dpm over time may not solely be due to
accumulation of C'“-aminocarb by the cells but wmay élso be due to
uptake by uguly tormed cells.. Thus, if cell number doubled,“phen rhe
dpm would double. Both populations exposed.to the formuléted pesticide
or the non-formulated pesticidé accimulated CclY-amindcarb over the
sev;h day treatment period because the dpm increased by a ‘gruater
tactor, ZQX and L2X, respecrively, than'populatiéﬁ gruwth_(Table 4}.

Moreover, the C!'Y-aminocarb accumulation over time was linear for the

populations treated with aminocarb (r=.98tl) and for Lﬁe populations
treatea with. the amipocarb formulated as Matacil l,gD‘(r=.9912) (Fig.
21). | B 7

The uptake of Cl“-aminocgrb by populations exposed to the
formulated pesticrde was significantly greater than the uptake by
populations exposed to the nonformulated pesticiﬁe even Cthough the
populations'treated with Matacil 1.8D had lower cell numyers per day
than the aminocarb treated populations (Fig. 21). After seven days
post-treatment 1" x 10° Chlorella cells accumulated 0.10% of the added
Cl“—gminocarb in ‘the’ non-formulated pesticide and: 0.18%4 " in the

formulated pesticide. Thus, | x 10® cells had the -Qapacity ‘to

’
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accumulate 7.0 x 10-% g of the total aminocarb in the non-formulated

pesticide and 1.2 x 10-! pg in the formulated pesticide. 4

3.4.,2 Dead Cells

Uptake of Cl*-aminocarb- by freeze-killed Chlorella ceélls
maintained in 3.0 upg/ml aminocarb was maximized by day 3 and remained
fairly constant throughout the fullowing two days (Fig. 21). On da? 1
the uptake by..the dead populations was similar to the ﬁptake by
populations exposed to the same concentration or pgsiicide presented as
amlnog;rb or aminocarb in Matacil 1.8D. However, the accumulation of
-Cl“%aminocarb by cells treated with the fOrmuiated pestici&e or the
non-formuléted pesticide exceeded uptake by thé:deaq cells on ddy 2 and

- o
déy 3, respectively.

3.4.3 Effects of cell concentration

The density of cells 'had no effect on the accumulation of ¢l
aminocarb by Chlorella populations .growing In 3.0 ug/ml aminocarb
(Table 5). Growth rate was inversely ‘related to populatiqn density

such that by Day 7 the ratio of initial cell densitjes (1:2:3) was no

lofger maintained. Increasiﬁg the initial cell concentration two or

i

' ) . ' . .‘ . [
three fold produced no significant difference (p?.05) in the per cell

. A‘-

+ ‘ ~. .
uptake of the labelled pesticide by these populatfena_n»eiﬁjuugaliﬁﬂﬁi‘
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" such that within the range of cell populations ! x 10® to 5.73 x 10°

uptake was not a function of cell number.

3.4 .4 Binding of Cl“-aminocarb

Tripling the amount of distilled water used to wash the algal
samples before scintillation counting produced no significant
difference in the dpm per day count for Chlorella populations growing
in 3.0 pg/ml aminocarbd (Fig. 22). The amount of C!“-aminocarb

associated with the unwashed cell samples was significantly greater

(p<.05) than washed samples over seven days. However, the pattern of
) 4

¢l“-aminocarb accumulation by the unwashed samples was similar to the
uptaie pattern of the wasbéd samples. The differences between the  dpm
per day cqunt.of washed samples and unwashed.samples decreased over the
seven day period. The mean dpm per day of the washea samples 1lncreased

from 6% of the unwashed samples at day 0 to 66% by day 7 (Table 6). In
otherjﬁords, 94% of the. total .dpm associated.with the cell samples
could be removed by washing on day 0, whereas, only 34% of the total

dpm could be removed by washing on day 7.
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TABLE &

Uptake ot Cl“-aminocarb versus cell number of Chlorella populations exposed
to 3.0 ug/wml aminocarb or aminocarb in Matacil 1.8D. The average values of
triplicate samples are reported.

Aminocarb Aminocarb in Matacil 1.8D

Day X dpm/ml X cell #/mla i'dpm/mi . X cell #/mla

0 347 3.00 . 337 3.00

1 636 3.24 1110 3.00

2 1939 » 4,30 3009 3.15

3 4549 4.93 —-— -

4 —_— — 0412 3.50

5 3955 : 5.03 - -— "

7 8740 5.73 13,721 4,99

a All values x 10°.



Figure 21. Uptake of C%“—aminocarb by Chlorella populations
exposed to 3.0 -pg/ml aminocarb or aminocarb in Matacil 1.8D and uptake

by freeze-killed cells exposed to 3.0 ug/wl aminocarb. The average

values: of triplicate samples are shown together with standard deviation

7

bars.
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TABLE 5

Uptake . of cl4-aminocarb (X dpm/lU6 cells) by different concentrations of
Chlorella populations exposed to 3.0 pg/ml. aminocarb. The average values of
triplicate samples are reported * standard deviations.

Day I x 10°a _ 2 x 10°a . 3 x 10% -
0 266 + 89 186 + 30 115 = 7
1 273 £ 70 184 & 36 197 + 6
2 363 £ 54 272 + 34 451 % 12
3 583 * 56 581 + 57 923 + 239
5 1073 * 105 1213 + 82 1184 + 95
7 . 1403 * 103 - 1710 * 207 1525 * 150
\
6 .
3.23 x 10° 5.23 x 10 5,73 x 10°b

Note: P>.05 for all values as determined by ANOVA and Tukey multiple range
' test.

initial cell concentration in cells/ml
final cell concentration in cells/ml



.

Figure 22. Binding of Cl“-aminocarb by .Chlorella populations

exposed to 3.0 ug/ml aminocarb. The average values

samples are shown together with standard deviation bars.

of

triplicate
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TABLE 6

Binding of Cl!“*-aminotarb by Chlorella populations “exposed to 3.0 ug/ml
aminocarb. The average values WX dpm/ml) of all washed samples (N=6) or

unwashed samples (N=3) are reported * standard deviations.
. R

Day X cell #/mla , Unwashed Washed % Unwashed
. 0 2.00 7858 * 390 486 + 130 6
1 2,30 8267 * 125 414 * 58 5
2 2.78 3071 + 21 713 + 147 9
3 3.43 9277 % 109 1704 £ 395 i3
5 4,65 11,586 + 949 5240 * L1113 45
7 ’ t 859 66

5.76 -~ 13,536 ™% 588 8843

4 All values X 106

"
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3.5 Depuration of Cl!Y%-Aminocarb

The depuration {(loss of contaminant from the test organi;m) of
cl“-aminocarb by Chlorella maintained in pes;iciﬁg—free nutrient medium
occurred very slowly throughout the seven days (Fig. 23). Although
populations were growing, the dpm per ml per day decfeased.‘ On‘day.7

each ml of algae still contained 76% of the original cl* counts present

. ‘on day 0.



Figure 23. Depuration of ¢l*-aminocarb by Chlorella populations
exposed to 3.0 ug/ml aminocarb. The average values of triplicate

samples are shown together with standard deviation bars.

o 7

.
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3.6 Cell gxcle

-~ ‘ f

Cell division in synchronized popﬁlations of Chlamydomonas was
completed by the 16th hour of the cell cycle or the 4th hour of

.

-darkness (+4hr"datkness). Cell division occurred between the 2nd
.and 4th hours of darkness with most cells (95%) forming two

zoospores. The renaining cells did not divide "or formed four

ZOOSPO[’&S .

+

. Synchronized populations were treated with 1.0 ug/ml aminocarb in

Matacil 1.8D at -2hr, Ohr, or +2hr darkness. The treatment times were
. chosen by extrapolating from the studies of Badour, et al., (1977) on
b4 .

DNA synthesis in the same algal‘apecies. These researchers found DNA

synthesis began about four hours before cell division. At all

treatment times of the_synchronized populations most of the dividing

cells (~95%) still formed two zoospores. However, cell division time

was increased two hours in populations treated at -2hr darkness (Fig.

24) or. at Ohr darkness (Fig. 25). These populations cdmpleted cell-

division at +6hr darkness. Populations treated at +2hr darkness were
" ——)

. not affected with cell division occurring between the 2nd and

4th hours of darknees,, this was comparable to the wuntreated

populations (Fig. 26).

L]

The formulated pesticide also inhibited doubling of the cells
(Fig. 27). At-the &4th hour of darkness about 95% of the cells in
céntrol populations had doubled. Populations treated at —2hr darkness

were affected most with 59 less diviaion than control populationa at

th€.4th hour of darkness,‘whlle treatment at +2hr darkness had the



N e

least effect with ~only 10% inhibition of doubling at the &4th hour

of daxkness. P.opulations .t:reaCed at Ohr darkness exhibited 30X less
cell divi;ion tlian control populations at the 4th hour of darkness.
As mentioned previously ‘treatment at -2hr or Ohr darkness extended
‘division "'time two more hours. s‘uch that division was'completed_ at +bhr
darkness. At this time popuiétions trefal_:ed at ~2hr darkness still

exhibited 38% less division than control populations and_pof)ulations

treated at Ohr darkness e:_chibLCed 17%. less division. . .

G
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Figure 24. The cell cycle of'Chlamydémonis populaﬁioqs exposed to
1.0 pg/wml pminnégrb in Matacil 1.8D at -2hr darkness. The averaée
vaiues of triplicate pﬁﬁples for-the'iniiig; experiment (a) énd the
replicate’ (b) are shown. Arrows indicate addition of the pesticide

formulation.
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Figure 25. The cell cycle of Chlamydomonas populations exposed to
. .
1.0 pg/ml aminocarb in Matacil 1.8D at Ohr darkness. The average

values of triplicate samplés for the initial experiment (a) and the

»

* replicate (b) are shown. Arrows 1indicate addition of the pesticide

" formulation.
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Figure 26, The cell cycle of Chlamydomonas populations exposed to

1.0 pg/ml aminocarb ian Matacil l.ﬁD at +2hr darkness. The average
values of triplicate samples for the initial experiment (a) and the
replicate (b) are shown. Arrows indicate addition of the peaticide

formulation.
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Figure 27. . Percent inhibition of doubling of Chlemydomonas

v

populations exposed to ll .0 ug/ml aminocarb in Maracil 1.8D at different

treatment times. The average values of tripi-icate ganples for two

-

experiments (N = 6) are shown together with standard deviation bars.
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DISCUSSION

The carbamate pesticide aminocarb is the active anticholines—
terase chemical in Matacil 1.8D OSC which is used to control the spruce‘
budworm in eastern Canada and Maiﬁe. Sprayed on tens of thousands of
hectarés of mixed forests the aﬁinocafb formulation 1mpinges upon a.
vast array of nontarget organisms in the forest ecosystem. Although
spraying .is discontinued over major lakes and streams (Kingsbury,
1977), pesticide contamination of waters cohld stillloccﬁr through wind
d;ift and surface runoff. Autotrophic microphytes in aquatic systems
are- the base of food webs of organismé in these habitats. Chlorella

pyrenoidosa Chick and Chlamydomonas segnis Ettl are unicellular green

algae which live 1in freshwater systems of . forest ecéﬁystems- Any
effects that externally applied chemicals have on these organisms may

well signal a cause for concern in terms of systems sensitivicy.

S

No studies to date have reported the effects of the amiqocarb
formulation on algae living in lakes and pounds of forest ecosystems.
The effgggp of other carbamate 'pesticides on algal growth have Leen
reported. Growth oqtmarine;phytoplankton was suppresséd'in varying
degrees by 0.1 and 1.0 pg/ml of the fungicide Nabam (disoq;um‘ethylené
bis-dithio-carbamate hexahydrate) or the insecticide Sevin (l-naphthyl-
N-methyl carbamate), ﬁhile 10.0 pg/ml of either carbamate completely
inhibited growth (Ukeles, 1962). Sevin was also toxic to éhlorella
pyrenoidosa at concentrations of 0.1 ug/ml and above (Christie, 1969).

After seven days 100 pg/ml of Sevin reduced Chlorella populations up to

»
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30% of the controls. In long-term growth studies four algal species
-exhiblted a threshold of toxicity between 1.0 and 10.0 pg/wml of
formulated Zectran (4-d1m§thylamino-3,S—xylyl mechylcarbam&ca) an
ingsecticide wused to control western sﬁruce budworm {Snyder agd

Sheridan, 1974).

Chlorella and Chlamydomonai; exhibited differeatial growth

responses to the aminocarb and to the aminocarb formulation, This was
~ .

not surprising * because other studies have reported specles related

responses to other toxicanﬁs. For efample, marine phytoplankton were

inhibited in varying degreés by chlorinated hydrocarbons (Menzel et

al., 1970) and a range of concentrations of polychlorinated biphenyls

Y

(PCBs) were needed to affect growth rates of marine and freshwater
phytoplankters {(Mosser et al., 1972). In the present set of
experiments the non-formulated aminocarb in the range of 3.0 - 10.0

ugfmt stimulated the population growth of Chlorella but had .no affgcﬁs

on the population growth of Chlamydomonas. Chlorella populations

exposed to these concentrations of aminocarb had growth rates greater

than controls thus resulting in greater cell numbers at the completion

of the experiment. The growth rates of the Chlamydomonas populations

were relatively unaffected by aminocarb and hence; the final population
densities were similar to the controls.
Stimulation of population growth by pesticides is in 1itself an

interesting phenomenon even though comparable effects on population

growth of algae have been found by other investigators: Poorman (1973)

expobed cultures of Euglena gracilis to a variety of insecticides and
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herbicides and most of the chemicals in the range of 1.0 - 10.0 ug/ml

- -

stimulated population growth after a 24-hour exposure. However, after

a 7-day exposure at 10.0 —_100.0 ug/ml the herbicides reguced algal

’

growth while the insecticides stimulated growth. Klotz and-..Duysen

(1972) also reported that respiration* and growth . of Chlorella

pyrenoidosa were stimulated by low <¢oncentrations of 2,4~

dichlorophenoxyacetic acid (2,4-D). In particular, *Stadnyk et al.-

(13?1) showed that the carbamate insecticide carbaryl at 0.l and 1.0
pg/ml stimulated population growth and carbon fixation of the green

alga Scenedesmus quadricaudaéa.

=

The exact meghénism of growth stimulation Gy pesticides _is

unknOﬁp._ In the present study increased pigment production was not

-~ concomitant with growth stimulftion such that 3.0 Lg/hl aminocarb did

not affect total chlorophyll or cﬁloroph}ll a or b, Stadnyk et al.

(1971) suggested that algal growth stimulation by carbaryl was due to

degradation of the pesticide to NH3 and formic acid. %his would have

-provided an increased nitrogen source for growth. Pesticides could

also ﬁrovide a source of gérbon for assimilatioh by algae. Eleven

species of green. algae including Chlorella yiélded increased dry

-

welghts after myxotrophic growth on hydrocarbon’subqtrates (Masters and
Zajic, 1971). In the preseant st;dy lthe stimula;ioﬁ of population
growth observed in Chlorella culéures treated with aminocarb may
gave also been due to’ degradatioq of the inseccicide to products
“utilized for growﬁh (Alexander, 1980). Moreover, grqﬁth stimulation by

3y -
aminocarb could also be due to 1its structural similarity teo

L R
N
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indoleacetic acid-anq ofﬂer auxians. Some researchers have proposed
that auxin “activity .is _detefmined ‘by a charge distance of 5.5 &
between the carbo; of  a carboxyl group and a positive charge in the
nucleds (Thimann; 1963). Thia charge—distance ;elétionship is found in
aminocarb'(Greenhaﬂgh, personal communiéation). 0f course, .the role of
aminocarb in gcimuiating populatiPn érouth of Chlorella warrants
further 1ﬁvestiga€lon.

rStimulaied growth can 1itself perturb the structure within a
phytoplankton comm;nigy‘uhen some algal .populations are differentially
affected (Kricher and Bayer, 1977). This could result in the
Bubstituﬁion of a new dominant speciés- in an algal assemblage.
Stimulation ;f algal growth in aﬁuatic ecosystems would have varyiog
effects dépeuding on the physical and chemical nature of the waters.
In clear unpolluted lakes algal stimulation would ‘cause temporary

explosive bursts in bprimary production but 1in eutrophic lakes

stimulation wight be less noticeable in waters which already have long
/7
periods of high rates of primary productivity (Mathiesen, '1971). 1In

terms of the effects on the ecological balance, stimuiafed growth Qf
primary producers could increase productivity at all trophic levels in
a food chain. ‘It is interesting to note that after aminocarb
forquiation spray treatment at 70 Kg Al/ha Kingsbury (1978) observed a
substantial iﬁcreas; in the nuabers of zooplankton (copepods and
rotifers) which he attributgd to an Increase 1in phytoplankton."
Kingshurj stated that the iancrease in ph}toplankton numbers was due to

normal population fluctuations and not to growth stimulation by spray
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treatment. The degree of stimulation indicated in this research (15-

30Z%) may.not evoke long-term perturbations in aquatic. ecosystems as the

 half-life of aminocarb at pH 7.0~8.5 1is only a matter of days
(Weinberger and Greenhalgh, 1983).  However, it could be important in
terns of reduciqg éeeding pressures on young fry.

As proposed in the Introduction, the gminocarb formulation had a
greatér impact on the populatién growth of.the two aigal species than
aminocarb alone, although the ?esponsgs were again specles séecific.
Chlorella populations treated with 1.0 and 3.0 pg/ml aﬁinocarb in
Matacil 1.8D exhibited delays before growth and 10.0 ig/ml aminocarb in

formulation was completely inhibitory. On the other hand,

Chlamydomonas populations treated with 1.0 - 10.0 ug/wml aminocard in

Matacil 1.8D did not display any delay before initiation of growth.
Although population densities of these cultures were 20 — 30X less than
control populations after post—treatment, the highest concentration was

not cowmpletely inhibitory to Chlamydomonas. That Chlamydomonas was

- . \
more resistant to the aminocarb formulation than Chlorella was not

unexpected, because Chlamydomonas was ranked above Chlorella in

tolerating organic pollution in a compilation of reports on pollution-
tolerant genera of algae (Palmer, 1969). °

Delays in"pobulétion growth have also been observed after
treatment with other toxicants. For example, DDT caused lag phases
lasting .-from 1-9 days in marine phytoplankton (Bowes, 1972) and certain

‘

chlorinated hydrocarbons caus&dzlag perlods before growth in biue-green
r * ' :

algae (Batterton et al., 1971). Batterton et al. (1971) suggested that
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adaptation and selection of insecticide-resistaat cells occurred during
lag periods. In fact, Lazaroff and Moore (1966) isolated sensitive and
fesistant cloﬁes from algal cultures which developed after a lag phase
following pesticide treatment. Bowes kl972) also attempted to isolate
“DDT-resistant”™ cells which developed after a lag phase but whén
resuspended intg-fresh medium containing the same concentratién'of DBT
these cells still exhibited the same lag period.

Because cell densities were measured spectrophotémetr;,a_l in
this study, no differentiation could be made between liying }/ and
senescent cellé. Lag phases of Chlorella populations«may have been due
to a fractional kill or to a suppression of growth rate. The dufation
of the lag phase increased 'wich increasing concentration of the
aminocarb f;rmulation indicating a fractional kill. But a
coneentration dependent lag phase may also suggest that cells needed

Jime for morphological or physiclogical adaptations before growth could

be resumed (Soto et al., 1975). Hence, a greater coancentration of

toxicant would cause greatét cellular damage and more time would be
needed for repairs. Furchermore,. higher concentrationé may have
required more time tc detoxify either by ~physical Qeans such as
volatilization or photodegradation or by the algal cells themselves,
The former effect was demonstrated by 'Kauss and Hutchinson (1975) who
found that the inhibition of growth of Chlorella vulgaris decreased
with increasing "age” of crude oil extracts. “Aging™ detoxified cthe
olls by evaporation of the arcmatic combonents. Onset of growth in
Chlorella populations in the present study may have colncided with the

loss of toxic components from the aminocarb formulation.

[



75

Chlorella populations were exposed to diluent oil and noaylphenol
at concentrations comparable to those found in the range of aminocarb
formulated as Hatacil/4.80 employed in the initial érowch ;cudies.(.Ol
- 10.0 ug/ml aminoc;;%). Many algae have reportedly exhibited lag
phases before growth after treatment with ..crude oils and their
c&mponenta. This phenomenon was shown in cer;aid marine algae (Pulich

et al., 1974) and in the freshwater algae Chlorella vulgaris (Kauss and

Hutchtnson, 1975), Chlamydomonas angulosa (Soto et al., 1975) and

Chlamydomonas reinhardtii {(Moody et al., 1981). However, in the
present study populations treated with diluent oil were unaffected by
any concentration (.0l3 - 15.0 ;g/ml oil); while the populations
treated with.the three highest concentrations of nonylpheﬁol (2.5, 7.5,
and 25.0 pg/ml) exhibited delays in growth. As _the nonylphenol
concentration increased the duration of the lag.pﬂase also increased

until complete inhibition of growth was evident at the highest

. /
concentration. These results yire similar to the results obtained with

the aminocarb formulation. Nonylphenol in the Hatacil 1.8D, not the
diluent oil, produced the lag phases in Chlorella populations.

Again the question arose as to the factors ilavolved in causing the
lag phase, The results of the agar biocassays strongly suggested that
nonylphenol caused a fractional kill of Chlorella thus producing a lag
phase. 1f -the nonylphénol temporarily debressed growth, theq removal
of the toxicant should have é;edtually produced growth, dincL in the

agar biloassays cells exposed to nonylphenol were washed and plated on

nonylphenol-free agar. Nonylphenél may have selected for “resistant”
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or hardier .célls as previously discussed, because their subsequent
g;o;tﬁ'faces aftér the lag phase were highgf_than the con;réls. In
fact, the growth rates of treatéd.populaqiogs increased with ilncreasing
coucen;ration'of'Iuonylpbenql. Host‘studieﬁ have reported that when
algal growth coumences after a lag phase :hg doubliné time of treated
populations was‘siﬁilar to coatrol populatiéns (Bowes, 1972; Kauss and
Hutchinsoa, 1975: Moody -et al., 1981). However, increased cell
division rates after lag periods were observed 1in Chlamydomonas

angulosa after exposure to napthalene (Soto et al., 1975). These

researchers suggested that the growth rate was inversely related to the
initial cell density. This may be a plausible explanétion for the
results of the present study. In the agar b;oassays. the percent
mortality of the algae increased with Lincreasing concentration of
nonylphepol. Thus, in the liquid bloassays the posiéivg correlation of
growth rates with ncnylphenol cuncgntration may have been related to

-.decreasing initial cell densities caused by an increasing fractional

kill. However, the positive correlation of growth rate with
nonylphenol concentration was not evident in Chlorella populations
exposed to the aminocarb formulation even though the, range of
concentrations of noaylphenol (.025 - 25.0 Lg/ml) in the Matacil 1.8D
was equivalent to the fange used in the non&lphénol studies. In fact,
populations exposed to 1.0-pg/ml nonylphenol had growth rates higher
than populations treated with 3.9 ug/ml aminocarb.in Matacil: 1.8D (7.5

*

-ug/ml nonylphenol). The - lack of any clear relationship between
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nonylphenol concentra&}ou in the aniﬁocdrb formulation‘and groth_rate
of Chlorella may have been due to the presence of the other components
Aof the formulation, namely aminocarb and diluent oil.

' It Iis known that carbamate herbicides such aﬁ propham and
chloropropham are mitotic poisons which eliminate n;x%Ous plants " by
inhibiting cell divieién in roots (Ashton and Crafts, 1973). Isopropyl
n-phenyl carbamate (IPC) ;hich decréases root, shéot, and leaf growth
1n'ﬁigher plants has been shown to inhibit cell division and grou}h in
the .gteen algae Oedogonium (Coss and Pickett—Heaps, 1974) and
Chlamydomonas (Flavin and Slaughter, 1974). Chlorpropham (isoprobyl 3-
chlorocarbanilate) suppressed the'grouth of Chlorellappopulatigns at
concentrations of 2,& uﬁ or above (Sumida efl al., 1977). In
synchronously growing populations of these alga an increase in cell
number was completely inhibicted by 14 uM chlorpropham but the average
DNA per cell increased 3.0 fold after one turn of the :cycle. .This
indicated that cell division was affected. -1t was conjectured that
perhaps aminocarb would act similarly on cell division of the two aigal
apecigﬁ although the concentration range employed in this study {(0.l-
10.0 ug/ml aminocarb) did not reduce growth or cause lag periods.
However, Chlorella populations e;posed co:the highest concentratiou of
aminocarb (10.0- pg/ml) contained moée cells in the largest size range
(cell diameter » 7.45 um) than control populations. These “giant”
cells which represented only 2.4% of the total cell number may have

resulted from arrested cell divieion. Perhaps, then, concentrations of

. amlnocarb greater than those employed 1in this research wmight

¥
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significantly inhibit cell division and this warrants futtheé
iﬂfestigation.

The results of the growth studies with Chlamydomonas suggesEed
that the aminocarb formulation may have affected cell division.rateae
The growth rates of populations exposed to Matacil 1.8D were below the
control p0pqlafions. Synchronized populations of Chlam!ﬁumonas were
~employed to test the idea that cell division was 1ndeed affected.
" Batch cultures ;f algae in expoqenti;l‘grouth as wused ;n the growth

sc;dies contained cells in all stages of development. 1In contrast all
1ife cycles of cells in syncﬁrgnous culturés are mone or less
toordinated with some processes developing gradually, f;r example,
.growth and protein or RNA syntheses, and some developing stepwise such
as DNA synthesis (Lorenzen and Hesse, 1974), Synchroniz@éd poéulatious
provided a large amoﬁnt of cellular material in similar thsiological
and morpholeogical condition enabling treatment effects to be

extrapolated to the cellular level,

The effects of the aminocarb formulation on synchronous

populations of Chlamydomonas were related to the time -of trestment,
Treatment #t the beginning of cell-division {+2 hr darkness) had the
le;st effect and treatment four hours befofé cell division (-2hr
:erness) had the greatest effect. Treatment effects\ at two hours
before cell division {Ohr darkneasj were intermediate between the other
two Ctreatment times. A time related effect was also exhibited by

synchronized populations of Chlorella pyrencidosa treated- - with

chlorampheniéol (CAP), an antibiotic which inhibits protein synthesis
in bacteria. 1If CAP was added before the fifth hour of light, cell

division was dinhibited 80% but adding CAP at intervals



79

af;er the “fifth ho;r caused a decrease in 1nh1b1£iou to zero by the end
of the light period‘(Hoberg et al., 1968). .

The 1F1nocarb formul;tion not only iohibited cell division bﬁt
also increased the duration of cell division. Zoospore' formation,
however, was not affected, in that dividing cells still formed “two
zooépores. It was thought that pesticide stress might cause
Chlamydomonas cells to form four zoospores as observed when the same
ép;cies was subjected to air containing 5% carbom dioxide (gadour et

al., 1977). Because treatment at the start of cell division had

negligible effects and zoospore formation remained the same at all

treatment times, it is proposed that the aminocarb formulation was not ’

.acting majorly to affect “microtubule assembly \(Ashton and Crafts,
1973).

Whereas division was completed at the fourth hour of darkmess in
control populations, divigion at this time in treated popu;ations.was
still below that of controls. Division in treated populations was

« completed by the 6th hour of darkness. At end of the cell cycle

382 inhibition of growth {(measured by cell counts) occurréd at
treatment four hourq before cell divisiou, 172 at treatment two hours
before cell division, and no 1nh1bit10n_of growth occurred at treatment
at the start of céll divigion. These results suggested that the
aminocarb formulation may be ;ffecting DNA synthesis. 'Badour et al.
.(1977) reported that DNA synthesis in the same algal species began

about four hours before cell division. Treatment time at four hours

lpefore' division begén produced the greatest 1inhibition of cell

~ division, thus, suggesfing that DNA synthesi& was affected. 0f course,

-

L
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other macromolecular syntheses (RNA, protein, and/or polysaccharides)
might also haie been affected by the aminocarb formulation and, henéé,
affected the completion of zoospore formation and release. - Jeanne

(1979), for é;aﬁple, found §thag synthesis of RNA or protein in

synchronous cultures of Dunaliella was moderately inhibited by

concentrations of lindane which strongly 1inhibited DNA syathesis.

Inhibition of DNA synthesis by the aminocarb formulation could be a

secondary effect with Cche prihary effect being on all energy related
reactions. Morris (1966a) found that’ chloramphenicol inhibited
protein, polysaccharide, and nucleic acid aynthesés in Chlorella which
seemed to be caused by a wmore general effect on  decreased ATP
uciiizagion by the ctreated cells (Morris, 1966b). More research is

- needed on the effeé}s of the aminocarb formulation on macromolecules in

synchronized populatious.

" The fact that synchronous populations of Chlamydomonas were most

affected at four hours before cell division may also indicate that

these algai cells were the most sensitive ‘at this time in the cell
cycle and were, therefore, kilied by the treatment. It might be
hypothesized that inhibition of égugiipé'may only have represented a
percent mortaility. However, thig seems unlikely in the present case

because Matacil 1.BD at concentrations ranging from 1.0 - 10.0 ug/ml

aminocarb did not produce lag phases before growth in the Chlamydomonas

populations. In future research treated synchronous populations could
be plated on agar at the end of the cell cycle ‘to test this

possibility.
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It is well known that algae accumulate pesticides (Butler, 1977).
As the base of many food webs in aquatic ecosystems algae have the
potential to transport pestiéides to higher trophié levels. SGdergren
(1973) demonstrated that certain chlorinated hydrocarbons were taken up

by Chlorella pyrenoidosa and transported to first-order coansumers.

Moreover, these consumerp mainly accumulated the pesticides through the
’ y 2

food chain rather than by uptake from the water. In the present study

Chlorella populations acﬁumulated cl%-aminocarb when exbosed to either

the non—-formulated pesticide or ;he formulated pesticide. SGdergren
(1968) sugge;ted that the rate of uptake of pesticidaﬂ by dead algal
cells was eduivalent to the pesticides’ rages of diffusion in water.
Because freeze—killed Chlorella cells in the present study had a lo;er
rate of uptake of c!*-aminocarb than the living celis, the mechanism of
accumulation in the l;ving cells could have been active. On a per cell

basis the accumulation of Cl!“-aminocarb by freeze—killed cells was 36X

of the amount.accumulated by living cells exposed to aminocarﬁ and only
20% of the amount accumulated by living cells exposed to Matacil l.8D,
Moreover, most uptake by dead cells occurred in the first day of
creatmént while living ‘cells continued to accumulate-cr“—aminocarb over

a seven day period.

Chlorella populations exposed to the aminocarb formulation
accumulated a greater amount of cl*-aminocarb over the seven days than
populations exposed to aminocarb alone. By day seven, populations

treated with Matacil 1.8D aqpuﬁulated almost twice the amount of cls-

aminocarb as populations treated with aminocarb. The aminocarb
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formulation reduced the population growth of Chloreila r;sulting in
10Ler cell densities per day than populations growing in aminocarb. In
the present research, cell conceétration not affect accumulation of
Cl“-;minocatb by -Chlorella populatiog;jgf:i:Loﬁgh some other studies
have reported a negative correlatio between pesticide uptake by algal
populations and cell dénsigy (NedZorf and Khan, 1975)._ Thua; the
formulation adjuvants are probably responsible for the  increased
accumulation of Cl“*-aminocarb by populations exposed to Mataci} 1.8D.
Because nonylph;nol, not the diluent oil,  produced lag phases 1in
population growth of Chlo;ella, it, is proposed that nonylphenol
influenced Cl"*-aminocarb uptake. It is further prdposea that
nonylphenol may have altered cellular membranes thué increasing the
permeabii ty of _Cl“—aminocarb. Although Chlorella possess both cell
walls and cell membranes, the cell walls were probably. not affected

since results of- other studies have indicated that phenols and

surfactants only affect membranes. For example, PCB inhibited two

algal species-equally despite the fact that one alga had a cell wall
and the other had none (Luard, 1973). The suggestion that surfactants
like nonylphenol may affect membraneg is not new, The dissemination of
herbicides 1nto plants and of pesticides through the cuticle of
invertebrates 1s often improvedey surfactants (Brian and Bland, 1965).
Cytolpgical observation of plants exposed to certain nonionic

surfactants indicated cell membranes were affected (Endo et al., 1969).

In particular, Chlamydomonas reinhardii exposed to 1.0 pg/ml
nonylphenol for one hour showed evidence of membrane damage (Weinberger

and Rea, 1981).
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The exact mechanism by which surfactants affect membranes is
unclear but some researchers have found a correlation between lethal
concentrationf  of surfactants and their surface tension indicating
disruption of cell membranes (Bode et al., %ﬂ?&). The hypothesis that
nonylphenol acts on membranes does. not contradict the wore widely held
idea that phenolics are uncouplinguhgents of oxidative phosphorylation
(Buikema et al., 1979). Uncouplers may penetrate ﬁembraﬁes of
organelles 1in which phosphorylation occurs thus destroying the
selecti;e permeability of these membranes to necessary ions (Ashton and
Créfts, 1973). Larsson and Tillberg (1975) observed reduced phosphate
uptake 1n Scenedesmus treated with PCB. They suggested that these
effects were due to PCB actlion on plasmalemma not phosphorylation
because oxygen uptake and evolution were not affected. As mentioned
previously Morris (1966b) fOund-that CAP affected ATP utilization in
synchronized Chlorella populations. This could also 1indicate that
membranes were affected by CAP and it it proposed that perhaps the

inhibition of doubling in the synchfonized Chlamydomonas populations by

Matacil 1.8D may have been due to the effects of nonylphenol on

-

cellular membranes.

The depuration of-CIE—aminocarb by Chlorella cells occurred slowly
~ over seven days. Moreover, it appeared that C¢l%-aminocarb became more
cightiy bound to the cells over .time. Only 6% of pthe pesticide
remained associated with the algae after washing on the first, day

compared to 66X on the seventh day. 1t is also possible that the cl4-
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aminocarb became incorporated into cell organelles or products.
Wﬁeeler (1970) found the extraction of labelled dieldrin from Chlorella
became.more difficult over time indicating movement‘of the insecticide
into "bound compattments"lof the cell., The slow depuration of clh-
aminocarb ‘and the increasing difficu1Cy in removing the labelled
pesticidé over time strongly suggest that aminocarb was absorbed by the
Chlorella, Essentially then first-ordericonsuﬁers‘could potentially
ingest aminocarb for at least seven days whereas from purely Ehemical
considerations it ﬁas been shown that aﬁihocarb wogld have deg;aded
long before this as the half-life of aminocarb at pH 6.8 is oé the
order of 36<48 hours (Weinberger and Greenhalgh, 1983).

QT)Carbamate herbicides as mitotic polsons often produced increased
cell size in treated plants (Ashton and Crafts, 1973). It was thought
that aminocarb may act as a mitotic poison and produce>larger cells in
- treated populations of Chlorella.lehus, cell sizes were measured after

<
post treatment with aminocarb %4nd aminocarb formulation. Populacions

exposed to all concentratiogp_of aminocarb (.01 - 10.0 ¥g/ml) and to

)

the two lowest concentratiqé; of aminocarb in Matacil 1.8D (0.l and 0.l

pg/ml aminocarb) contaihé@ a higher percentage of small cells than

-

—

control populat’.:tc:tm;.\\Tl A greaﬁer percentage of small cells mightl
indicate that these popilations had higher growth rates. However, only
the populations exposed to 3.0 and 10,0 pg/ml aminocarb had growth

rates greater than controls. Furthermore, increasing growth rate

)



<

associafed with increasing aminocarb coacentration did not prodﬁce
increasing numbers of smaller cells, )

~ The cell size distribution in Chlorella populations exposed to i.O
and 3.0 pg/ml aminocarb in Matacil 1.8D were simila: to controls.
These populations contained more large cells than other treated
populations. - Other studies have shown that chemicals related to
nonylphenol affect cell size distribution. For example, PCB inhibited
the growch of estuarine phytoplankton larger than 8 im (Biggs et al.,
1978) and coumarin, a naturally occurring phenolic, produéed cells

larger than controls in populations of Chlorella vulgaris (Ron and

Mayer, 1959}. Perhaps, then, the nonylphenol in the ’amtaecarb

formulation produced larger cells by acting as a mitotic poison or by

affecting zoospore formatiop and/or membrane permeability as suggested
by the present uptake stgdies. A loss of membrane selectivity in
freshwater algae could result in increased diffusion of water iqto
algal cells. Of course, this suggestion is highly gpeculatibe and the

effects of aminocarb and the formulation adjuvants on algal cell size

needs further investigation.

Changing the cell size distribution of primary producers ‘could
affect.firét—order consumers, Research has indicated that food size
selection does, in fact, affect grazer populations {(Wilson, 1973;
Edmondson, 1965). These effects of altering algal cell_size on feeding
behavior may only be temporary. However, Powers et al. (1977) found

that altered cell size distribution in marine alga caused by dieldrin



persisted thrdhgh four generations even after removal of the pesticide.
A more lasting change in cell size distribution of algae could have a

greater impact on other organisms in the food chain.,

Fod
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' SUMMARY AND CONCLUSIONS

The hypothesis proposed at the beginning of the research that the

-

aminocérb formulation would have a greater impact on algal populations
thﬁp aminocarb alone ,was supported by thege studies. Exposure to Fpe
amiﬁocarb formulation led to an incrgased lag. phagse period before the
onset of growth in populations of Chlotella and increased the uptéke'of
cl%-aminocarb in thgaercelis. The formulation also depressed growth of

' e
Chlamydomonas populations and more specifically inhibited doubling of

Synchroniéed cells, It was suggested that these effects of the

aminocarb formBlation were primarily due to nonylphenol in Matdeil
s

l.QD. It was also hypothesized that the toxicity of nonylphenol was

attrii:u‘ted g 1ts effect on cellular mémbranes... That nonylphenol

affected membrane permeability has also been supported by results of

dther studies employing surfactants and phenols and’ especially by

-cytological observations of Chlamydomonas cells exposed to nonylphenol.

Nonylphenol could also have increased the toxicity of aminocarb by

facilicating the uptake of the pesticide. However, aminocarb did not
significantly affect population growth in ei;her algal speciles.
E;posure to nonylphenol alone led to increased ‘lag phases before growth
in Chlorellﬁ poﬁulations‘and this was probably due to a fractional kill
of the algal cells as indicated by the agar biéas;ays. Aminoc;fb also

had an impact on the algae gti/gggdgg'the same extent as the aminocarb

formulation. Aminocarb stimulated population growth in Chlorella and

also affected‘cell gsize distribution in these cells,
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Pesticides enter aquatic ecosysﬁems in many ways. 0f course,
;ontaﬁinatiOn of waters by insecticides is usually unintentional either
by atmospheric falloQt on rain or dust duri application, surface
runoff from treated terrestrial areas, industri effluent, sewage, or
spills during processing, storage, and transportatipn., The persistence
of pesticides in water depends on the physiochemical properties of Cthe
pgsticides, such as water solﬁbility and rate of hydrolyalg and
photolysis, the ﬁature of the water, includihg abiotic and biotic
factors, and sediments. Studies have reported that nocarb or its
formulation adjuvants are not very persistent ip aquatic systems.
Aminocarb in formulation exhibited a half—life inl po water of 4.4
days after spray épplication at 70 g Al/ha (Sundaram et al., 1976) and
nonylphenol had g, balf-life of 2.5 days after spray application of, a
mixture of.nonylphenol and diluent oil 585 at .47L/ha (Sundaram et al.,
1980). The half-life of diluent oil 585 after spraying has not been
reported. Although aminocarb _aud nonylphenol seem to dissipate

rapidly, spraying Matacil 1.8D in the late spring to reduce the larval

stages of the spruce budworm could perturb an aquatic environment at a
time when its biota are barely recovering from thermal stresses of
winter. The nonylphenol "especlially has the potenﬁial to be an added
stressor to aquatic environments at a time when algae are already
experiencing a shock period of higher light regime and a reduction of
nutrients (Round, 1971). 4 reductipn 1in algal ﬁopulations may result
in feeding stresas for some aquatic biota. As a potential algicide

.nonylphenol could not only affect the intensity of feeding by
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first-order consumers {(Monakov, 1972) but could alio cause grazer
starvation (Taub, 1976). Horeover; nonylphenol could affect pqaglacion

numbers of zooplankton feeding on algae, since research has suggested a

positive correlation between abundance of food and rate of rébroduction

(Edmondson{ 1965).

The unicellular algae used in this study are the base of many food
chains leading directly to zooplankton and indirectly to & wide
interweaving web of organisms at higher trophic levels. Nonylphenol is

not only used as a surfactant and solvent in the aminocarb formulation

‘but it also has a wide range of industrial usés from germicides to oil

and ‘grease aaditives, detérgents, dyestuffs and surface active and
wetting ageats. Nonylphenol has been detected 1in industrial waste
watersy from textile finishing plants and specialty chemical
manufacturers (Buikema et al., 1979). The results of this research
seemw Lo dispute the conclusions of fig;g trials and labo?atory
bioassays of some researchers, For example, -Holmeh and Kingsbury

(1980) stated that nonylphenol sprayed at the maximal seasonal dosage

gave no cause for concern for aquatic invertebrates or fish. The fact

that honylphenol adversely affected Chlorella and Chlamydomonas does

not mean it may be toxic to other algal species or Eo higher organisms
for that matter. However, it should signal the fact that it should not

a_priori be regarded as biologically inert.
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APPENDIX A
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- * APPENDIX B

Standard curves were constructed to ensure a linear relationship

between OD and cell density.
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