l & l National Library

of Canada du Canada

8iblicthéque nationaie

Canadian Theses Service  Service des théses canadiennes

Omawa, Canaca
K1A ON4

NOTICE

The quality of this microformis heavily dependent upon the
quality of the original thesis submitted for microtilming.
Every effort has been made to ensure the highest quality of
reproduction possible.

i pages are missing, contact the university which granted
the degree,

Some pages mzy have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Reproduction in full or in par of this microform is govermned
by the Canadian Copyright Act, R.S.C. 1979, c. C-30, and
subsequent amendments.

NL-D29 (e 8804 ¢

AVIS

La quaité de cette microtorme dépend grandement de ta
qualité de la thése soumise au microfilmage. Nous avons
tout tait pour assurer une qualité supérieure de reproduc-
tion.

Sl manque des pages, veuillez communiquer avec
funiversité qui a conféré le grade.

La qualié dimprossion de certaines pages peut laisser a
désirer, surtout si les pages originales ont é1é dactylogra-
phiées a Faide dun miban usé ou si funiversité nous a tas
parvenir une photocopie de qualité inférieure.

La reproduction, mame partielle, de celte microlorme asi

soumise & !a Lni canadienne sur le droit dauteur, SRC
1970, c. C-30, et s2s amendements subséquents.

Canada



BN

Nationa! Librany
o! Canada

Bibliothéque nationale
du Canada

Canadian Theses Service

Qttawa, Cmaaa
K1A QN2

The author has granted an irevocable non-
exciusive licence aflowing the National Library
of Canada to reproduce, loan, distribute or sell
copies of his/her thesis by any means and in
any fom' or format, making this thesis avaiable
to interested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis nc-
substantial extracts from it may be printed or
otherwise reproduced without histher per-
mission.

Service des théses canadienaes

L'auteur 2 accordé une licence irrévocable et
non exclusive permettant a {a Bibliothéque
nationale du Canada de reproduire, préter,
distribuer ou vendre des copies de sa thése
de quelque maniére et sous queique forme
que ce soit pour mettre des exemplaires de
cette thése & la disposition des personnes
intéressées.

L'auteur conserve la propriété du dreit d'auteur
qui protége sa thése. Ni la thése ni des extraits
substantiels de celleci ne doivent &tre
imprimés ou autrement reproduits sans son
autorisation.

ISBN ©-315-68030-X

Canadi



=] UNIVERSITE D’OTTAWA
UNIVERSITY OF OTTAWA



Dedicated to the memory of Dr. Pearl Weinberger



ACKNOWIL.EDGEMENTS

I would like to express my gratitude to my supervisor, Dr.
Pearl Weinberger, for her patience, vision and continued support
right to the end of her life. I especially appreciate the chance
she gave me to pursue a dream. I would also like to thank Dr. John
T. Arnason, who took over and helped me complete this thesis.

I would like to thank my Research Committee, Dr. J.T. Arnason,
University of Ottawa, Dr. R. Greenhalgh, Canada Department of
Agriculture, and Dr. J. Sinclair, University of Carleton, for their
excellent advise and constructive criticism in solving the many
problems over the course of this study.

Special thanks go to P.¥Y. Caux and S. Iyengar, whose ideas and
support sustained me through difficult times. I appreciate the
excellent technical advice and support from N. Bertrand and thank
J. Helie for assistance on some graphical work. I wish to thank
all of my colleagues in Lab 316 for their help over the years and
thanks go to R. Kent for recent information on fenitrothiocn.

I would like to thank =y family for their continued support
and encouragement throughout this degree. 1 wish to express my
upmost gratitude to my wife’s parents, whose ;hpport and financial
backing facilitated the writing of this Thesis.

To Diane, whose confidence sustained me and whose love endured

the struggle. Thankyou for making the dream worthwhile.



iv

TABILLE OF CONTENTS

LIST OF FIGURES
LIST OF TABLES
ABSTRACT
RESUME

A — INTRODUCTION

1.0 Fenitrothion Use in Canadian Forests . . .
2.0 Contamination of Aquatic Habitats . . . .
3.0 Contamination of Algae . . . . . . . . .
4.0 Biodegradation of Fenitrothion by Algae .
5.0 Indirect Photolysis . . . . . . . « . + .
6.0 Hypothesis and Objectives . . . . . . . .

B — MATERIALS AND METHODS

1.0 General Methodology . . . . . « . « . . .
1.1 Chemicals . . « +« « « « o =« = = =+ =

1.2 Algae . .« & ¢ 4 4 s 4 s e e e e e
1.2.1. Culture Techniques

1.2.2. Freeze-killed Algae . . . . .

1.3 Statistical Analysis of Data . . . .

2.0 Chlamydomonas segnis Studies . . . . . . .
2.1 Effects of Fenitrothion on Growth . .
2.1.1. Algae Cell Number . . . . . .

2.1.2. Algae Cell Weight . . . . . .

2.1.3. Algae Pigments . . . . . . . .

2.1.4. Photosynthesis . . . . . . . .

vii
xi
xiii

xXiv

10
12
15

17

17
17
17
17
18
18
19
19
19
19
19
20



2.2

Algae INT AsSSay .« . . « o o « o o« « =
2.2.1. Assay Solutions . . . . .+ . .
2.2.2. Assay Procedure . . . . . . .

3.0 Fenitrothion Interaction Studies . . . . .

3.1

Accumulation in Algae . . . . . . . .

3.1.1. Total '*C Ring Label Accumulation Study

3.1.2. 'C Ring Label TLC Study . . .
(i) Light and Dark Regimes . . . .
(ii) Aerobic and Anaerobic Regimes

3.1.3. Pigment Analysis . . . + « .+ «

Fenitrothion Persistence in Media . .

3.2.1. Fenitrothion Extraction . . .

3.2.2. Gas Liquid Chromatography (GC)

C — RESULTS

1.0 Effects of Fenitrothion on Chlamydomonas segnis

1.1

Growth Study . . . . « & « + ¢ « « «
»-1.1. Algae Cell Number . . . . . .
1.1.2. Algae Dry Weight . . . . . . .
1.1.3. Algae Pigments . . . . . . . .
1.1.4. Photosynthesis . . . . . . . .
Algae INT ASSAY -« « o « « = = = « =« =
1.5.1. Live Algae . . . « « ¢« « « « =
1.5.2. Freeze-Killed Algae . . . . .

2.0 Fenitrothion Interaction Studies . . . . .

2.1

Uptake of Fenitrothion in Algae . . .

- - - - -

2.1.1. Total **C Ring Label Uptake Study . . .

(i) Live Algae . . . . « « = « « =
(ii) Freeze-killed Algae . . . . .

2.1.2. *C Ring lLabel TLC Metabolite Study . .

(i) Light and Dark Regimes . . . .
(ii) Aerobic and Anaerobic Regimes
3.1.3. Measurement of Algal Pigments

21
21
21
22
22
22
23
23
24
25
25
25
26

27

27
27
27
27
28
28
32
32
32
35
35
35
35
36
36
37
38
43



vi

2.2 Persistence of Fenitrothion in Media . .
2.2.1. Media Containing Live Algae . . .

2.2.2. Freeze-killed Algae . . . . . . .

D — DISCUSSION

1.0 chlamydomonas segnis Studies . . . . . . . . .
1.1 Fenitrothion Concentration . . . . . . .

1.2 Growth study . . . - . o & « ¢« & &« « - .

1.3 INT ASSAY v« = =« o s s = = o = = = = « = =

2.0 Fenitrothion Interaction Studies . . . . . . .
2.1 Light Regimes . . . . . . . - « « -« . . .

2.2 Uptake of Fenitrothion in Algae . . . . .

2.3 TLC Study of Metabolites in Algae . . . .

2.4 Photosensitizers . . . . . . . . . . . .

2.5 Fenitrothion Persistence . . . . . . . .

2.6 Relevance to Field Conditions . . . . . .

E — SUMMARY AND CONCLUSIONS

REFEREN

APPENDI

APPENDIX I
APPENDIX I
APPENDIX I
APPENDIX I

CES

CES

I - - - - - - - - - - - - - - - - - - - -
II - - - - - - - - - - - - - - - - - - -

Vo e e e e o e o o 2 = = & s« = s« + s a = =

APPENDIX V. L ¢ &t 4 ¢ 4 6 o o o o s o s = = = = = =
APPmDIx vI - - - - - - - - - - - - - - - - - - - -

49

49
49
=10)
55
57
57
60
63
67
73
74

77

80

90

90
92
93
94
101
103



Figure

Figure

Figure

Figure

Figure

Figure

Figure

4a.

4b.

5a.

Sb.

vil

LIST OF FIGURES

Indirect photolysis sequence of events
showing the transfer of energy from the
light source to the pollutant from the
sensitizer (adapted from Roberts et al.,
1981AD}. ¢ ¢ 4 4 b e e e e e e e e e e e

Growth curve of C. segnis treated with 10
pg ml* fenitrothion and controi (Kuhl’s
media only) under fluorescent lights (5 w
m? 24 hours light, 23°2). . .« . « « . .

Dry weights of C. segnis treated with 10
ug ml"* fenitrothion ard controls under
fluorescent 1lights (5 w m?, 24 hours
1ight, 23°C)e v v v v v o o = = = « = o .

Chlorophyll a content of C. segnis treated
with 10 gg ml™* fenitrothion and controls
under fluorescent lights (5 w m™?, 24 hours
light, 237C). & . ¢ v 4 v v @ 4 v e o . .

Chlorophyll b content of C. segnis treated
with 10 pgg ml™* fenitrothion and controls
under fluorescent lights (5 w m*, 24 hours
light, 23°C). & &¢ ¢ 4 ¢« 4 ¢ o & o = = = =

Photosynthetic rates (measured by oxygen
production) per cell of €. segnis treated
with 10 ug ml™* fenitrothion and controls
under fluorescent lights (5 w m™°, 24 hours
light, 23°C). & ¢ v 4 4 ¢ @ o« o o o o o =

Photosynthetic rates (measured by oxygen
production) per chlorophyll a of C. segnis
treated with 10 ug ml™* fenitrothion and
controls under fluorescent lights (5 w m™?,
24 hours light, 23°C). . . +« « + « « « .

13

29

29

30

30

31

31



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

6a.

6b.

7a.

7b.

8a.

8b.

9a.

9b.

10.

viii

INT reduction in live C. segnis treated
with 10.3 pg nl' fenitrothion and media
only controls under sunlight (800 w m~,
237C)e i e e e e e e e e e e e e e e e
INT reduction in live ¢. segnis treated
with 10.3 ug ml"* fenitrothion controls
under darkness (23°C). . « « « & + . . .

INT reduction in freeze-killed C. segnis
treated with 10.3 pg ml™* fenitrothion and
controls under sunlight (800 w wm*,
. o

INT reduction in freeze-killed C. segnis
treated with 10.3 ug ml"' fenitrothion and
controls under darkness (23°C). . . . . .

Uptake of *C ring label in live C. segnis
treated with 10.3 ug nl-* **C ring labelled
fenitrothion under suniight (800 w m?,
23°C) and darkness. . . . . « + « « « + .

Uptake of '*C ring label in live C. segnis
treated with 10.3 pg ml™* **C ring labelled
fenitrothion under Vvita Lites* (50 w m?,
23°C) and darkness. . « « « « « « = « o -

Uptake of *C ring label in freeze-killed
C. segnis treated with 10.3 pg ml™* *C ring
labelled fenitrothion under sunlight (800
wm?, 23°C) and darkness. . . . .« . . .

Uptake of 'C ring label in freeze-killed
C. segnis treated with 10.3 pg ml™* **C ring
labelled fenitrothion under Vita Lites® (50
w m?, 23°C) and darkness. e e e e e e

Percent polar and nonpolar **C ring label
in live and freeze-killed algae and media
extractions under Vita Lites”™ and dark
conditions for 24 hours (50 w m*, 23°C).

33

a3

34

34

39

39

40

40

41



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

12.

13a.

13b.

l4a.

14b-

ix

Percent polar and nonpolar **C ring label
in live and freeze-killed algae and media
extractions under Vita Lites® in aerobic
and anaerokic conditions for 24 hours (50
WS, 23°C)e 4 e i i e e e e e e e e e

TLC separation of pigments (3:1 cyclohex-
ane:ethyl acetate) on silica gel plastic
plates. Pigment colours are listed by G,
and G, for green, ¥ for yellow, Gr for
grey, and ¥-0 for yellow-orange. . . . .

Depletion of fenitrothion in media con-
taining live C. segnis treated initially
with 10.3 pg ml-* fenitrothion and media
only controls under Vita Lites* (50 w m?,
b o

Depletion of fenitrothion in media con-
taining live €. segnis treated initially
with 10.3 pg ml"* fenitrothion and media
only controls under dark conditions (23-

.C). - - - - - - - - - - - - - - - - - -

Depletion of fenitrothion in media con-
taining freeze-killed C. segnis treated
initially with 10.3 pg ml? fenitrothion
and media only controls under Vita Lites®
(50 w m2, 23°C)e v 4 4 4 4 4 e e e e e

Depletion of fenitrothion in media con-
taining freeze-killed C. segnis treated
initially with 10.3 pg ml™* fenitrothion
and media only controls under dark condi-
tions (23°C). v & ¢ L 4 i 4 4 4 e e e

Chemical structures of fenitrothion and
its metabolites listed in the text. . . .

...cont. More fenitrothion metabolites
listed in the text. . . . . + ¢« « « o + =

42

44

47

47

48

48

90

91



Figure

Figure

Figure

Figure

Figure

Figure

16.

17a.

17b.

18.

i9.

20.

X

Growth curve of Chlamydomonas segnis
maintained at 21-23°C under 16 hour light:
8 hour dark periods provided by 2 cool-
white and 2 Grow-lux fluorescent lamps (5
12 -+ M
Calculation of saturating light intensity
for the Clark electrode. The initial 10
minute photosynthetic rates are compared
to varying 1light intensities. Light
source was a 150 w Sunbeam parchlor
lamp. . .« ¢« 4 s i e h e e e e e e e e e s
Shading effects on photosynthesis rates in
the Clark electrode apparatus. . . . . .

U.V. absorption spectrum of fenitrothion
in methanol (Weinberger et al., 1981b). .

Relative spectruil irradiance distribution
of the Vita Lite* fluorescent lamp compared
with Cool white fluorescent 1lamps and
natural sunlight at 5500 K {(Taken from
Hughes & Neer, 1981). . . . +« « « & « .« .

Preliminary experiment showing uptake of
**C ring label fenitrothion in Chlamydo-
monas segnis under cool white fluorescent
lamps (5 w m?). « e e e e s e s+ e e e

92

23

93

101

102

103



Table 1.

Table 2.

Table 3a.

Table 3Db.

Table 4.

Taple 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

xi

LIST OF TABLES

Algae cell numbers in fenitrothion treated
media and media controls. . . - .+ .+ .« . - - .

Algae dry weight per cell in fenitrothion
treated media and media controls. . . . - . .

aAlgae chlorophyll a per cell in fenitrothion
treated media and media only controls. . . .

Algae chlorophyll b per cell in fenitrothion
treated media and media only controls. . . .

Photosynthetic rates per cell of C. segnis in
media treated with 10.3 pg ml™ fenitrothion
and media only controls. . . . . . <« « « . .

¢ ring label uptake in 1live algae under
sunlight and dark controls. . . . . +« « « . .

¢ ring label uptake in live algae under Vita
Lites® and Qark controls. . . « « « « + o+ « .

#*¢ ring label uptake in freeze-killed algae
under sunlight and dark controls. . . . . . .

*¢ ring label uptake in freeze-killed algae
under Vita Lites®™ and dark controls. . . . .

Fenitrothion concentration in media with live
algae and media controls under Vita Lites*. .

Fenitrothion concentration in media with live
aigae and media controls under dark condi-
BionNS. & & ¢ i e e e e e s s s s e s e e e

Fenitrothion concentration in media with
freeze-killed algae and media controls under
Vita Lites®. . & & & & ¢ ¢ o o a o « s o o =

94

o4

95

95

96

26

97

97

98

98

99

99



xi1

Table 12. Fernitrathion concentration in media with
freeze~killed algae and media controls under
darkened conditions. . . . v 4 4 4 4 « « +« « +« - . 100



xiii

AHA2BSTRACT

The fate and persistence of the pesticide, fenitrothion (0,0-
dimethyl-0 (3-methyl-4-nitrophenyl) phosphorothioate) was monitored
in the presence of the alga Chlamydomonas segnis Ettl. Under
natural sunlight (800 w m®) and Vita Lite® high intensity fluo-
rescent lamps (Dura Test, 50 w m™*, 290-700 nm), there was 10 to 20
times the uptake of **C ring-labelled fenitrothion into live and
freeze-killed algae as compared to dark conditions. The accumu-
lated label in both the 1live and freeze-killed algae (with
nonfunctioning electron transport systems) was identified as polar
metabolites of fenitrothion, their identical percentages suggesting
photophysical reactions. As a consequence of increased uptake and
degradation of fenitrothion by live algae, the fenitrothion half-
life in the media decreased by approximately one half in the
presence of algae and light, as compared to lighted media controls.

When accumulation experiments were repeated under anaerobic
conditions, polar metabolites were reduced by 50%. Further, as
increased pigment chlorosis correlated with increased polar
metabolites, it is suggested.ihat photooxidation of fenitrothion by
singlet oxygen could have been a degradation route. Fenitrothion
photolysis was accelerated by the aquatic alga, Chlamydomonas

segnis.
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RESUME

Une étude a été menée sur le devenir et la rémanence du
pesticide fénitrothion (0,0-diméthyl-0 (3-méthyl-4-nitrophényl)
phosphorothicate) en présence de l‘algue Chlamydomonas segnis.
L’assimilation du fénitrothion margqué au '*C au noyau aromatique
était 10 a 20 fois plus élevée chez les algues vivantes et les
algues tuées a l’azote liquide, exposées a la lumiére solaire
naturelle (800 w m*) et aux lampes fluorescentes a haute intensité
Vita Lite* (Dura Test, S0 w mw?, 290-700 nm), que lorsqu’elles
étaient a la noirceur.

Le marqueur au **C dans les algues vivantes et mortes (i.e. les
algues n’ayant aucun systéme photosynthétique fonctionnel de
transport d’électrons) a été identifié comme étant des métabolites
polaires du fénitrothion. Les pourcentages identiques de ces
métabolites retrouvés chez les algues vivantes et mortes suggeérent
la présence de réactions photophysiques. Di a l’assimilation et la
dégradation du fénitrothion par Chlamydomonas segnis, la demie-vie
du fénitrothion retrouvé dans le milieu aqueux s’est vue décroitre
de moitié en présence d’algues et de lumiére.

Les expériences d’accumulation du pesticide par les algues ont
été répétées sous conditions anaérobiques; 1la production de
métabolites polaires était réduite de 50%. De plus, sous condi-

tions aérobiques, l’augmentation de pigments dénaturés était en



XV
corrélation avec l’accroissement de métabolites polaires. Il est
suggéré que la dégradation du fénitrothion se soit effectuée grace
au processus de photooxidation par la production de singlet
d’oxygeéne. L‘algue aguatique Chlamydomonas segnis accélére donc la

photclyse du fénitrothion.



A — INTRODUCTION

Organic contaminants introduced into the environment can
easily find their way into aquatic ecosystems where their fate is
determined by a complex set of biological and physiochemical
interactions. Light induced reactions, or photolyses, are a major
part of these interactions. Most natural waters contain varying
amounts of suspended particles of terrigenous and biogenous origins
to which partitioning of various aquatic pollutants is likely to
alter the contaminants’ photoreactivity and photoproducts (Zepp,
1980). Besides direct photolysis, involving light absorption by
the chemical itself, there exists indirect or sensitized
photolysis, initiated through light absorption by other substances
in the system, most likely phytoplankton (Zepp, 1980).

For the past three decades, eastern Canadian forests have been
plagued by the defoliant insect, spruce budworm Choristoneura
fumiferana (Clemens). Since the 1970‘s, fenitrothion, 0,0 -
dimethyl-0 (3-methyl-4-nitrophenyl) phosphorothioate (IUPAC ,1987),
has been used extensively for budworm control and applied as an
aerial formulated spray. Aerial application of fenitrothion can
often result in its introduction into aquatic systems either
directly from spray drift or indirectly as a result of foliage
washoff (Symons, 1977). Fenitrothion is kncwn to persist for only

short periods of time in aquatic compartments and degradation is
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mainly by photolysis and hydrolysis. Its half-life (tk) is from
one to several days depending on environmental factors such as
light, pHE, temperature and water quality (Weinberger et al, 1982a).

For the most part, the persistence and fate-transport studies
of fenitrothion have been carried out in laboratory microcosnms
devoid of phytoplankton (Makami et al., 1985; & Greenhalgh et al.,
1976: Greenhalgh & Marshall, 1980). However, numerous studies have
indicated that algae are capable of mediating photobiological
transformations of chemicals (Anagnostopoulos et al., 1978:
Weinberger et al., 1983; 1982a; 198la; Zepp & Schlotzhauer, 1983:
Zepp & Baughman, 1978).

The purpose of this study was to examine the effects of algae
on fenitrothion degradation and persistence in media and determine

whether light mediated mechanisms are involved.

1.0 Penitrothion Use in Canadian Forests

In Canada, aerial applications of pesticides in forests began
in Nova Scotia during the late 1920’s. At this time, calcium
arsenate was used against the spruce budworm. By the mid-1940s,
the chlorinated hydrocarbon DDT* became the predominant insecticide
against forest insects (Nigam, 1975). DDT was the most widely used
insecticide in the 1950‘s and 1960’s, its operational or experimen-
tal aerial spray applications spanning across all of Canada (Busby

et al., 1989). By 1969, however, DDT was banned due to its extrenme

: pDT: 1,1,1-trichloro-2,2-bis (p—-chlorophenyl) ethane
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persistence. TFor example, Yule (1970) reported that the half-life
(tk) of DDT in temperate forest soils was approximately 10 years.

During the 1960‘s 2 new generation of less persistent insecti-
cides appeared. The carbamate aminocarbk (Matacil®)* and the
organophosphorothioates phosphamidon® and fenitrothion® (Sumi-
thion®, Accothion®, Novathion®™ have been the most used in the
spruce budworm control programs in eastern Canada (Armstrong,
1984). Phosphamidon was highly toxic to birds and fenitrothion
replaced it, emerging as the prominent forest insecticide until the
mid 1980’s when several provinces switched to the mnmicrobial
insecticide Bacillus thuringiensis (Busby et al., 1989). Over a
ten year period until 1977, it was estimated that 10,000 metric
tons of fenitrothion had been deposited on Canadian forests
(Symons, 1977). Recently, from 1983 to 1987, 1200 tonnes of
formulated and technical fenitrothion were imported into Canada
(Statistics Canada, 1987). Presently, only Newfoundland and New
Brunswick are applying fenitrothion in large-scale aerial control
prograns (Busby et al., 1989).

The main criteria used for selecting candidate insecticides
for cénadian forest insect control has been high toxicity to the

target insect and low toxicity to fish, birds and mammals (Nigam,

: aminocarb: 4-~dimethylamino-m-tolyl methylcarbamate

2 phosphamidon: 2-chloro-~-N,N-diethyl-3-hydroxycrotonamide
dimethyl phosphate

3 fenitrothion: 92,0 -dimethyl-0 (3-methyl-4-nitrophenyl)
phosphorothicate
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1975). 1Initially, fenitrothion satisfied the basic c¢riteria and
was the subject of several reviews by the National Research Council
of Canada, the last comprehensive one in 1977 (Roberts et al.,
1977). However, in 1989 after an extensive review, Environment
Canada recommended a re-evaluation of registered fenitrothion use
pattern be undertaken due to undesirable environmental effects
{Ermst et al., 1989). Some of the reasons for the recommendations
include deleterious effects on pollinators such as honey bees and

wild bees, and risks to protected migratory songbirds.

2.0 Contamination of Aquatic Habitats

The spruce budworm control program in New Brunswick is the
largest of its kind in the world with the greatest use of fenitro-
thion in forest protection (Busby et al., 1989). Fenitrothion is
sprayed aerially in May or June as an o0il based spray or agueous
emulsion in a single treatment of 280 g active ingredient (AI) ha
or in two applications of 210 g AI ha* with a five day interval
between applications (Sundaram et al., 1989). The spraying is not
always uniform when large planes are utilized. Upon completion of
a spray program, Pierce & Ernst (1988) discovered a variability of
application resulting in deposits of fenitrothion which were
greater than five times the mean deposit on up to 5% of the spray
area. Oversprayving on boundaries between spray blocks has also
been reported (Symons, 1977, Varty, 1980). Thus, it is conceivable

that higher quantities of fenitrothion can be sprayed on the forest



canopies.

Aerial application of fenitrothion can result in direct
contamination of aguatic habitats while indirect contamination may
result from spray drift or from surface run-off following rainfall
{Eidt, 1975; Eidt £ Sundaram, 1975; Armstrong, 1984). Protective,
no-spray buffer zones beside water bcocldies were implemented in 1978
to reduce exposure of aquatic ecosystems to fenitrothion (Sexsmith,
1987). However, these restrictions apply only to rivers and large
bodies of water and smaller bodies of water could still be sprayed.
Even with boundaries in place, drift and surface run-off would
continue. For example, low but detectable amounts of fenitrothion
have been found in areas 20C m away from a spray block (Sundaram,
1987).

Once in aquatic habitats, fenitrothion may undergo rapid
degradation and is not detectable by 40 days post-spray (Roberts,
1975; Malis & Muir, 1984). In distilled and buffered solutions, in
vitro degradation has been shown to be by hydrolysis and photolysis
(Greenhalgh et al., 1980; Maguire & Hales, 1980; Marshall ef al.,
1%74; Ohkawa et al., 1974). The hydrolysis process is reslatively
slow, primarily depending on temperature and pH. Greenhalgh et al.
(1980) observed the t% of fenitrothion was 50 days under laboratory
conditions at 23°C and pH 7.5 in the dark. However, under field
conditions the ti% was less than 2 days. They concluded that in the
field photolytic and/or microbial processes are the main degrada-

tive route of fenitrothion in natural aguatic systems.
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Under sunlight conditions, fenitrothion photodecomposes very
quickly. Mikami et al. (1985) exposed fenitrothion to full
sunlight in the fall and found the t%‘s to be 0.6 - 1.0 days in
distilled water, 1.5, 1.0, and 0.9 days in buffer solutions of pH
3, 7 and 9 respectively, and 0.9 - 1.1 days in natural water and
sea water. Weinberger et al. (1982a) found that the photolysis of
fenitrothion was generally unaffected by pH of natural waters and
that 80% of the pesticide was photolyzed to polar derivatives
within 6 hours. Light intensity can also affect the th of fenitro-
th.on. Malis and Muir (1984) discovered the ti of fenitrothion in
shadéd ponds to be 1.6 days while under direct light the ti was one
day.

Laboratory studies of fenitrothion photodegradation by UV
radiation (wavelength 253.7 nm) have revealed the following break-
down products; mainly carboxyfenitrothion® as well as fenitrooxon?,
demethylfenitrothion®, formylfenitrothion*, carboxyfenitrooxon®, S~

nrethylfenitrothion*, 3-methyl-4-nitrophenol (4-nitro-m-cresol) and

! carboxyfenitrothion: 0,0-dimethyl O-{4-nitro-3-carboxy-
phenyl) phosphorothiocate

2 fenitrooxon: 0,0-dimethyl O-(3-methyl-4-nitrophenyl) phosphate

3 demethylfenitrothion: 0,0-dimethyl O-hydrogen O-(3-methyl-4-
nitrophenyl) phosphorothioate

* formylfenitrothion: o,o—diuath?l O-(4-nitro-3-formyl-
phenyl) phosphorothicate

s carboxyfenitrooxon: 0,0~dimethyl O-(4-nitro-3-carboxyphenyl)
phosphate

* S-methylfenitrothion: 0,S-dimethyl O-(3-methyl-4-nitro-
phenyl) phosphorothiocate



-
3-carboxy-4-nitrophenyl (4-nitro-m-thic crescl) (Greenhalgh &
Marshall, 1976; Mikami et al., 1985) (Structures are shown in
Figure 15, Appendix I). Analyses of fenitrothion degradation in
natural aquatic systems (in situ) under sunlight show that similar
metabolites are produced. In natural river water, Mikami et al.
(1985) identified 18 photoproducts over a 40 day period, of which
carboxyfenitrothion was the main metabolite formed. Weinberger e%
al. {(1982a) monitored field microcosms containing algae maintained
under sunlight conditions. Aerially applied fenitrothion was
rapidly partitioned into the water compartment of the microcosm and
degraded into carboxyfenitrothion, fenitrooxon, demethylfenitro-
thion, and S-methylfenitrothion. They discovered a new metabolite,
carboxyaminofenitrothion!, when aligae were irradiated with sun-
light.

The adsorption of pesticides and their degradation products on
suspended particles, soils and sediments could play a major role in
their environmental fate (Baarschers et al., 1983; Eidt et al.,
1984). Sediment and soils have been observed to adsorb fenitro-
thion and 3-methyl-4-nitrophe-ol in amounts that rise with increas-
ing organic matter content (Baarschers et al., 1983). 1In field
midrocosms, Weinberger et al. (198la) found sediment to be a
primary sink for fenitrothion (30% of aerially applied fenitrothion
partioned into the sediment 2 days post-spray). However, for the

purpose of this study, uptake of fenitrothion by algae and

b carboxyaminofenitrothion: ©0,0-dimethyl O-(4-amino-3-carboxy-
phenyl) phosphorothioate
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subsequent metabolism will be the focus of further discussion.

3.¢ Contamination of Algae

There have been few studies of biocaccumulation of fenitrothion
by aquatic plants. In macrophytes, Eidt et al. (1984) found 128
times more fenitrothion per unit dry weight in liverwort, Junger-
mannia sp. In natural lake waters under sunlight, Weinberger et al
{1981b) observed a rapid partitioning of fenitrothion and its
metabolites into the agquatic macrophytes Myriophyllum, Elodea, and
Sagittaria. The aguatic macrophyte Lemna accumulated 3 to 6% of
added fenitrothion by 2 days in unshaded ponds (Malis & Muir,
1984). In Manitoba, Moody et al. (1978) sampled a stream 10 hours
after an aerial application of fenitrothion and found up to 4 ug
mL* fenitrothion in Lemna minor verses 44 ug L™* of fenitrothion in
the surrounding water.

Algae are small aguatic microphytes and consequentiv have a
high surface-to-volume ratio, thus increasing uptake of lipophilic
chenicals (Roberts et al., 1981b). Algae cells also contain rela-
tively large amounts of fats and oils (lipids)(Stewart, 1974). fc
example, lipids comprise 39% of the cell dry.weight of Chlorella
{Nichols, 1965). The biocaccumulation potential of a liporhilic
compound such as fenitrothion could be linked to its n-octaneol-
water partition coefficient (XK.) and water solubility. Fenitro-
thion has a high K, of 3200 and could easily partition into cell

lipids of algae.
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There is strong evidence of this occurring with organophos-
phorus pesticides (Boyle, 1984). Weinberger et al. (1981a, 1982a)
discovered that a mixture of the algae Chlamydomonas reinhardii,
Euglena gracilis and Chlorella pyrenoidosa accumulated fenitrothion
and its derivatives several hundredfold after two days and several
thousandfold after 6 days under natural light conditions. 1In a
laboratory study under fluorescent lights, Kikuchi et al. (1984b)
found Chlorella vulgaris, Nitzscia closterium and Anabaena flos-
aguae rapidly absorbed fenitrothion from medium with wmaximum
bioaccumulation ratios (in terms of dry weight) of 44, 105 and 53,
respectively. Finally, Lal et al. (1987} examined biocaccumulation
in the blue-green algae Anabaena sp. and Aulosira fertilissima
under fluorescent lights and found levels of fenitrothion varying
from 53 to 6651 pg g* dry weight.

With significant bicaccumulation of fenitrothion in algae, any
metabolic changes should be examined. Algae are primary producers
in the ecosystem and any deleterious effect of a pesticide could be
harmful to the aquatic foodchain. Organophosphorus pesticides are
known to inhibit DNA, RNA, proteir and carbohydrate synthesis, and
reduce ATP levels in various species of algae (Sumida & Ueda, 1974:;
Bushway, 1978; Cleqgg & Koevenig, 1974). Recently, Kent & Weinber-
ger (1990) exposed the algae Chlamydomonas segnis, Chlorella pyre-
noidosa, Scenedesmus obliquus, Ankistrodesmus falcatus and Selenas-
trum capricornutum to fenitrothion levels of 10 pg nl™*, signi-

ficantly increasing cell volumes and weights while reducing growth
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rates up to 64 and 96%. Studies by Kikuchi et al. (1984a) confirm
similar effects of fenitrothion on aguatic algae. They reported
inhibition of DNA and RNA synthesis by 60 to 80% wnein Chlorella
vulgaris were exposed to 100 pgg mlL™* fenitrothion. Subsequently,
cell replication was reduced while cell weight and volume

increased.

4.0 Biodegradation of Fenitrothion by Algae

Although there is biocaccumulation of fenitrothion in algae and
subsequent metabolic effects of the pesticide to algae growth,
there have been few studies of algae biodegradation of pesticides.
Biodegradation is the molecular degradation of an organic substance
resulting from the complex action of living organisms (Matsumura et
al., 1982a). There is a wealth of information on bacteria and
fungi degradation of organic chemicals (Matsumura & Esaac, 1979).
Several studies have indicated micrecbial and fungal bindegradation
of fenitrothion. For example, the fungus Trichoderma viride is
capable of hydrolysing fenitrothion and fenitrooxon in pure culture
(Baarschers & Heitland, 1986). Sundaram et al. (1984) and Green-
halgh et al. (1980) concluded that bacteria biodegraded fenitro-
thion to aminofenitrothion in their studies. |

When the degradative properties of algae alone have been
examined, they do not show appreciable degradation capabilities
(Matsumura & Esaac, 1979). However, algae are closely associated

with sunlight and their functions have to be studied in the
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presence of light. Algae are the most important sunlight absorbers
in many aquatic environments (Baker & Smith, 1982). Therefore,
algae-mediated phototransformation of toxic chemicals may have a
significant effect on concentrations in the water column (Zepp &
Schlotzhauer, 1983).

Zepp & Schlotzhauer (1983) carried out an extensive screening
of 22 organic chemicals and their sunlight induced algal transform-
ations. Their studies indicated that green and blue—green algae at
concentrations of 1 - 10 mg L™* chlorophyll a accelerated photo-
reactions of certain polycyclic aromatic hydrocarbons, organo-
phosphorus compounds, and anilines. Parathion® and methyl para-
thion® were photolized 390 times more rapidly, and aniline and m-
toluidine reacted over 12000 times faster when sorbed by algae
under sunlight conditions. They claimed the photolysis rate of
fenitrothion in sunlight was unchanged in the presence of Chloro-
gonium sp., concluding direct photolysis competed with the indirect
algal mediated process. Confirming Zepp & Schlotzhauer’s study,
Lal et al. (1987) examined metabolism of fenitrothion by blue green
algae and found no metabolites in the algae. However, the study by
Kikuchi et al. (1984b) disagreed with the previous authors. They
discovered Anabaena flos-aqua mnetabolized fenitrothion most
actively to its oxon and demethyl analogs, whereas Chlorella

vulgaris decomposed the chemical to demethylfenitrothion.

2 parathion: 0,0-dimethyl-4-nitrophenyl phosphorothioate

2

methyl parathion: 0,0-dimethyl O-p-nitrophenyl phosphoro-
thicate
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5.0 Indirect Photolysis

when discussing indirect photolysis, it is important to have
a good understanding of the photochemical processes involved. Many
indirect processes are dependant upon the collisional trancizsr of
energy from an excited species, called the sensitizer, to the
pollutant, and the sensitizer must be a sufficiently long-lived
reaction intermediate for there to be a high probability to collide
with it (Roberts et al., 1981b). In most cases, the degradative
process proceeds through the efficient and longer-lived triplet
excited state (excited state with spin unpaired electrons) (Roberts
et al., 1981b). The overall sequence of competitive processes is
shown in Figure 1. S denotes the singlet state, T denotes the
triplet state, , is the ground state, , is the excited state, ISC
is intersystem crossing, k, is the sensitizer rate constant, and k,
is the quenching rate constant.

The sensitizer begins at ground state where absorbed light
leads to electronic excitation to the singlet excited state
(1)(Figure 1). The singlet excited state is normally short-lived
but can undergo intersystem crossing, involving spin inversion
(Knox & Dodge, 1985), to the longer lived triplet state (2). When
the sensitizer collides with the pollutant the excited state energy
may be passed on to the pollutant (3). At this point either the
energy absorbed by the pollutant may cause bonds to break, creating
degradation products (4) or the pollutant may lose the energy (5).

The quenching formulas, (6) and (7), are important as normal levels
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of dissolved oxygen in agquatic waters may quench up to 90% of the
energy absorbed by the sensitizer (Roberts et al., 1981b).
However, increased levels of the pollutant inside the algae through
bicaccumulation, coupled with a decreased efficiency of oxygen
quenching in the cell wourld enhance the indirect photochemical
reactions. Singlet oxygen (*0,) produced during the quenching
process could also react with the pollutant to form an oxidative

type derivative (8).

light
{sensitizer (S,)) - ——> (sensitizer (S,}) (1)
IsC
(sensitizer (S,)) ====—==———=-- > (sensitizer (T,)) (2)
K.
{sensitizer (T,)) + pollutant —-——-- >
(sensitizer) + (pollutant (T,)) (3)
(pollutant (T,)) > Degradation products (4)
deactivation
> (pollutant) (5)
(sensitizer (T,)) + 0, —==—————- > (sensitizer) + 'O, (6)
b N
(pollytant (T,)) + O, ——=——=v==- > (pollutant) + C, (7)
0, + (pollutant) > (pollutant (0O4)) (8)

Figure 1. Indirect photolysis sequence of events showing the
transfer of energy from the light source to the pollu-
tant from the sensitizer (adapted from Roberts et al.,
1981b).
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Light harvesting pigments of algae could be sensitizers in an
indirect photolysis process. Numerous studies have shown that
visible light absorption by the photosynthetic apparatus of algae
could result in the photometabolism of polar ionic organic sub-
strates such as carboxylic acids, carbohydrates, and amino acids
(Wiessner, 1970). Chlorophyll from spinach chloroplasts acted as
a sensitizer for degradation of organophosphorus insecticides
(Matsumura, 1982b). Dixon and Wells (1987) used chlorophyll as a
sensitizer to photodegrade pirimicarb'. They discovered that
singlet oxygen was implicated in the sensitized photodegradation.
While chlorophyll is the primary pigment of the light harvesting
complex, there are other accessory pigments such as the carote-
noids. These pigments are mainly sensitizers for chlorophyll and
could act as indirect sensitizers of fenitrothion as well.

Weinberger’s group has shown higher accumulation and meta-
bolism of fenitrothion by algae under natural 1light conditions
(Weinberger ef al., 1983; 1982b; 198la; Moody, 1982). The identi-
fication of the new metabolite of fenitrothion, only present when
algae are irradiated, supports the theory that a light mediated
process is occurring. Since algal pigments are the most affected
by light, they could be acting as the chief sensitizers in the

indirect photolysis of fenitrothion.

3 pirimicarb: 2-dimethylamino-5,6-dimethylpyrimidin-4-ol
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6.0 Hypothesis and Objectives
The following hypothesis is presented:;

Fenitrothion photolysis is accelerated or increased by photo-

oxidative processes in agquatic algae.
To test the hypothesis, the following objectives were examined;

1: To determine the effect of fenitrothion on algai growth.

a. Exanine various growth parameters of the algae when
exposed to fenitrothion. (Cell number, chlorophyll
content, dry weights, photosynthetic rates)

b. Measure any increased electron flow in the system by the
use of the redox reagent, INT (2-(p-iodophenyl)-3-(p-

nitrophenyl)-5-(phenyl tetrazolium chloride)).

2: To determine whether axenic algae in sterile medium have
effect on the uptake and degradation of fenitrothion.

a. By using C** ring labelled fenitrothion, deterﬁine whether
the label is accumulated by live Chlamydomonas segnis
under light verses dark conditions.

b. With TLC, determine whether polar metabolites are present
in the algae and compare to polar metabolites in media.

c. Directly measure the actual fenitrothion remaining in



16
media by extraction and GC methodology and calculate rates

of degradation in the media.

3: To determine if the mechanism of enhanced fenitrothion degrada-
ticn in the presence of algae is a biotic and/or abiotic related
process.

a. Repeat l1la and 1b using freeze-killed algae. Determine
that the algae are indeed dead by use of a Clark electrode
£o measure 0O, evolution.

b. Extract any pigments and determine spectrum of any
pigments remaining in the algae to determine which
pigment, if any, may be responsible for increased fenitro-

thion degradation.

4: To determine whether the increased photolytic degradation of
fenitrothion is an oxidative or nonoxidative reaction.
a. Repeat the experiments under anaerobic conditions and
determine whether polar metabolites are present in the

algae.
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B ~ MATERIALS AND METHODS

1.0 General Methodology

1.3 Chenmicals.

**C ring labelled fenitrothion (S.A., 5.54 mC mM*) and techni-
cal fenitrothion (95% pure) were donated by Sumitomo Chemical
Company, Takatsukasa, Japan. Purity was confirmed by gas chroma-
tography (GC) and thin layer chromatography (TLC). INT dye (2-(p-
iodophenyl)-3-(p-nitrophenyl)-5-(phenyl tetrazolium chloride}),
NADH (reduced nicotinamide adenine dinucleotide), and NADPH (re-
duced nicotinamide adenine dinucleotide phosphate) were purchased
from Sigma Chemicals. All other chemicals were obtained from BDH
Chemicals (Toronto, Canada). All organi~ solvents used were glass-
distilled pesticide grade from BDH Chemicals. The liquid scintil-

lation solution, LSC Cocktail ‘4698,7 was from BDH Chemicals.

1.2 Algae.

1.2.1. Culture Techniques. The unicellular green alga
Chlamydomonas segnis (Ettl) was obtained axenic from the Culture
Collection at the University of Texas. Ligquid cultures in 10 L
round bottom flasks were grown in a Hotpack growth chamber main-
tained at 21-23°C under 16 hour light: 8 hour dark periods provided
by a bank of two cool-white and two Grow-lux (Sylvania, Ottawa,
Canada) fluorescent lamps (5 watts m™). Stock cultures were

continually stirred and aerated with air (0.03% CO,). All experi-
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ments were conducted during exponential cell growth, maintained by
half-volume dilutions of Kuhl’s (1964) nutrient solution every two
days (Calculated from growth curve, Appendix II, Figure 16). Prior
to an experiment, an aliguot was removed, algal cells counted with
an improved Neubauer-Levy haemocytometer and the required concen-
trations obtained.

1.2.2. Freeze-killed Algae. Freeze-killed algae were prepared
by centrifuging an algal aliquot from the required concentration in
a Sorvall centrifuge at 5000 rpm for 7 minutes. The supernatant
was removed and the pellet was suspended in liquid nitrogen for
five minutes. The frozen pellet was resuspended in an equal amount
of fresh medium. An aliquot of this was monitored to establish

that regrowth did not take place and the algae were indeed dead.

1.3 Statistical Analysis of Data.

All data collected from the experiments were analyzed using
Statgraphics 3.0 (Statistical Graphics Corporation) on an IBM
personal computer. Various treatments were compared using analysis
of variances and Tukey’s Multiple Range Tests. Means at individual
time periods were compared by Tukey’s tests (Tukey, 1949).

All error bars shown in the figures are standard deviation.

Missing error bars indicate very low errcr.
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2.0 Chlamydomonas segnis Studies.

2.1 Effects of Penitrothion on Growth.

Experimental treatments consisted of live algae with fenitro-
thion and controls of live algae only sets. 150 nL aligquots were
placed in 500 mL Erlenmeyer flasks to yield final concentrations of
20 x 10* cells mL™* algae and 10.3 ug mL™* fenitrothion (control sets
had media only plus algae). The flasks were attached to an
Eberbach shaker (Ann Arbour, Mich., USA) and held under cool-white
and Grow-lux fluorescent lamps (5 wm?) at 23°C in a constant
temperature room. At 24 hour periods 15 mL aliquots were removed
and analyzed.

2.1.1. Algae Cell Number. A total of 8 counts were conducted
of each aliquot using the improved Neubauer haemocytometer and
averaged.

2.1.2. Algae Cell Weight. 5 mL of each aliguot were filtered
through preweighed alass fibre filters (Whatman GF/A). The filters
were oven dried at 60°C for 4 hours and weighed.

2.1.3. Algae Pigments. The determination of chlorophyll a and
b was calculated following the method of Hansmann (1973). 10 nL of
the algal sample was filtered through a Millipore HA (pore size of
0.45 um). The filter was placed in 5-10 mL of 90% acetone aﬁa
vigorously shaken until the filter was completely dissolved. A
blank containing only a filter and acetone was prepared and all
samples were placed in a darkened refrigerator for 24 hours. After
the extraction period, the samples were warmed to room temperature

and made up to 10 mL with 90% acetone. Finally, the samples were
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centrifuged for 5-10 minutes at 3000-5000 rpm. Using the filter
and acetone as a blank, the samples were placed in a Spectronic 21
Bausch and Lomb spectrophotometer and absorptions (D) were measured
at 630, 645, and 665 nm. Chlorophyll a and b were calculated by

the following eguations:

Chlorophyll a 11.6 X Dgo — 1.21 X Dgio = 0.14 X Do

Chlorophyll b 20.7 X Dgea = 4.34 X Dyga — 4.42 X Dg3o

2.1.4. Photosynthesis. Photosynthetic rates were calculated
by measuring O, with a Clarke electrode (Delieu & Walker, 1972).
The Clarke electrode was connected to a YSI Model 53 oxygen moni-
tor. Saturating light intensity of 320 w m™® (measured inside each
reaction chamber with a YSI Kettering Model 652 Radiometer) was
provided by a 150 w Sunbeam parchlor lamp. Saturating light
intensity was calculated from Figure 17 (Appendix III), which
measured photosynthesis over a series of differing light inten-
sities. 8 pl mL** of a 1 M NaHCO, (8 mM) solution was used as a CO,
source for all the experiments.

Prior to the 0, readings, the Clarke electrode was calibrated
to 100% with air saturated media only. Five mL of algae were
placed inside the reaction chamber, maintained at 23°C by a water
jacket. Air was bubbled through the algal mediu;z and the NaHCO,
added. A magnetic stirrer was placed inside the reaction chamber,
the probe was inserted and the lights were turned on. One minute

after the procedure was started, oxygen evolution rates were

measured for five minutes and oxygen levels calculated.
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2.2 Algae INT Assay

The methodology followed was based on Kenner and Ahmed (1975)
and was as follows.

2.2.1. Assay Solutions. The substrate solution consisted of
0.133 M disodium succinate, 0.835 mM NADH, 0.24 mM NADPH, and 0.2%
(v/v)} Triton X-100, all dissolved in 50 mM sodium phosphate buffer
at pH 7. This solution was prepared just before use and kept on
ice until INT was added. The INT solution was made up of 2.5 mM
INT (Grade A) in distilled water and stored on ice. All solutions
were prepared just before use. 0.2 N HCl was used for the termi-
nation solution.

2.2.2. Assay Procedure. For treatment purposes, a 60 pgg mL™
solution of fenitrothion in water was prepared prior to each
experiment and kept in darkness. Each experiment consisted of
three replicates of 12 treatments:

1. live cells in sunlight plus fenitrothion

2. live cells in sunlight, media only

3. freeze-killed cells in sunlight plus fenitrothion

4. freeze-killed cells in sunlight, media only

5. blank (no cells) in sunlight plus fenitrothion

6. blank (no cells) in suﬁlight, media only

7 - 12 identical to 1 - 6 except the tubes were wrapped
in foil (darkness).

The treatment solutions were made up in 50 mL screw cap
culture tubes (Pyrex No. 9825) in the following order:; 3 mL sub-

strate, 1 mL fenitrothion (or media), 1 mL algae (live or freeze-
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killed, media in the blanks), and 1 mL of INT, resulting in final
concentrations of 66.7 nM succinate, 0.418 mM NADH, 0.12 mM NADPH,
0.1% (v/v) Triton X-100, 25.0 mM phosphate buffer, and 0.417 mM INT
per 6 mL treatment sample. In the appropriate treatments, the
final concentration of fenitrothion was 10 pg mL™* and the alga cell
number was 20 x 10* cells mL"*. Each sample was vigorously mixed,
quickly brought up to 23°C in a water bath and placed at a 20°
incline on a Eberbach shaker (Ann Arbour, Mich., USA) under natural
sunlight (800 wm?). After the required time period, tne termina-
tion solution was added, the solutions mixed, and absorptions
recorded at 490 nm on a Spectronic 21 Bausch and Lomb spectrophoto-

neter.

3.0 Fenitrothion Interaction Studies

3.1 Accumulation in Algae.

3.1.1. Total *‘C Ring Label Accumulation Study. Each experi-
ment consisted of 2 minimum of three replicates of four treatment
sets. The sets included:

1. live cells in light plus fenitrothion

2. live cells in darkness plus fenitrothion

3. freeze—kiiled cells in light plus fenitrothion

4. freeze-killed cells in darkness plus fenitrothion.

The experimental sets were repeated at least twice at two
different time periods. In all sets, five ml of 90 x 10* cells ml™?
concentration of live cr freeze-killed cells were added to 5 ml of

a ‘hot’:‘cold’ fenitrothion mixture (0.6 gg ml™* ‘hot’ **C ring
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labelled fenitrothion :20 ug ml* ‘cold’ fenitrothion} in 50 ml
cultura tubes to yield final concentrations of 45 x 10' cells ml™’
and 10 pg ml"*: 0.3 upg ml™' ‘cold’: ‘hot’ fenitrothion. Dark
treatment tubes were wrapped in aluminum foil. The series of 4
treatment sets were placed together on racks at a 20° ir=<line on a
Eberbach shaker, either under natural sunlight (800 wm?), or Vita
Lite® high intensity fluorescent lamps (Duro-Test, Toronto, Ont.,
Canada, 50 wm®, 290-700 nm).

At the end of each experimental period, 8 ml of medium were
taken from each tube and centrifuged for 8 minutes at 6000 rpm.
One ml of the supernatant was removed and counted in a liquid
scintillation counter (Packard LSC, model 2000 CA, Downers Grove,
Ill., USA). The supernatant and pellet remaining in each tube were
vigorously mixed and filtered under vacuum through a glass fibre
filter (Whatman GF/A). Each centrifuge tube was rinsed three times
with 5 ml of distilled water and poured on the same filter. The
filter was rinsed 3 times with 5 ml of distilled water with each
rinse remaining on the filter for one minute. The filter was dried
at room temperature, weighed, immersed in scintillation cocktail
and analyzed by 1LSC. Sample counts (cpm) were automatically cor-
rected for background and guenching, and counting efficiency (dpm)
was determined by the external standard method.

3.1.2. **C Ring Label TLC Study.

(i) Light and Dark Regimes. Treatment sets consisting of
live and freeze-killed algae were exposed to Vita Lite" lamps and

darkness for 25 hours (time of greatest accumulation in *C ring
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labelled fenitrothion experiments (Caunter & Weinberger, 1988)).
Control sets consisted of **C ring labelled fenitrothion and media
only. The initial procedure of algal separation followed the
accumulation procedure. The isolated algal pellet was extracted
with 2 ml of acetone. The acetone slurry was reduced to 50 gl and
spotted on a 2 cm wide strip of Silica Gel Eastman Chromagram Sheet
(non-fluorescent) (Eastman Kodak Company, USA). Each sheet was
caveloped in a 3:1 cyclohexane:ethyl acetate mixture and allowed to
dry. The strip was cut into 0.5 cm pieces which were immersed in
liquid scintillation solution and counted in a liquid scintillation
counter (Packard LSC, model 2000 CA, Downers Grove, Ill., USa).
For comparison purposes, counts below a Rf of 0.5 were considered
to be polar metabolites and above 0.5 were either nonpolar
metabolites and/or fenitrothion.

Analysis of polar and nonpolar metabolites in media was as
follows. Fenitrothion and chloroform dissolved metabolites were
extracted following the procedure listed under fenitrothion
extraction (Sec. 3.2.1). However, the reduced solution of chloro-
form was spotted on a TLC plate and developed. Four nL of the
water fraction were removed and evaporated to near dryness.
Acetone was used to spot this fraction on a separate TLC plate and
the plate analyzed.

(ii) Aerobic and Anaerobic Regimes. Light (Vita Lite*) treat-
ments were extended under aerobic conditions (air) and anaerobic
conditions (N, bubbled through system) to determine whether oxida-

tive metab