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. ABSTRACT . ' -
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-

Axenicelly cultured fronds of‘“ge_m_'tg minor L. were exposed to a
_"renge "of ecologically relevar.lt’ concentrations of the constitt_qents of the
carbamate pesticide formula_tion used in the Canadian spruce budworm
program. Thg treatments included the active ingredient, aminocarb (4-
dimethyl anino.B- methyl phenyl N methyl’ c.arbanate), nony_l,phenol (a non
‘ionic surfactant), diluent 585 oil, (a. 585 fuel oil distillate), or an
'aninoc;rb forntul at ion, Ha'tacil 1.8 which contained the threé
constituents. Exposure to aminocarb .50.10-2.50 pg/mL) or diluent oil
585 (0.15-3.75 wg/mL), did not affect biomass, frond develdpmént or

.metabolism. However, nonylphenol presented alone, or as Matacil 1.8D

containing' the same range of concentrations ‘of these constituents, )

together with nonylphenol (2.50-6.25 ug/mL), '.significantly decreased
frond growth, fresh and dry weights, total chlorophyll content,

photosynthesié, chlorophyli fluorescence and total ATP content. Héwever

cell membrane permiability was not significantly affected. Phytotoxic -

symptoms of nonylphenol or Matacil 1.8BD injury also included bleaching
of fronds and detachment of roots. The degree of inhibition was
direct_ly attributable to the. nonylphenol in the Matacil 1.8D mix.
Nonylphenol considered to be the _"inert“ component of t.l_;le Matacil
formulation for registration purpose's was the toxic E;;;ent, *aminocarb,
the "active" irjgredient, was biologically "inert", over the range o'f'
cﬁncent:_'ations ,»fused.' The rapid biochemical ef'f'ects .of' nonylphenol on

many paraneters made it dir‘ficult. to ascertain wﬁether the {Ff'ects were

primary or secondary', and its highly nonspecific toxicity suggested that

/
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this surfactant may have multiple sites of a:tion.-
+ The uptake oF aminocarb and nonylphenol was also exanmed The
. bioaccumulat ion ratm was 15 - f'old hxgher for nony].phenol than for

aninocatb. . The predicted values of bmaccunulatmn “obtained from

_equatiéns' derived from the literature for plants was found to be

. _ :
reasonably. close to ° the experimental values. The higher

bioconcentration Ffactor of ;nnylpl'!enol was correlated. to the greater
Kow of this compound. The possible use of Lemgs minor as an indicator

~ o,

of pollution in aquatic ateas is,dlso discussed. ' A



RESUME

-

Des frondeés de Lemna minor L., éultivées en miligu stérile,

* furent exposées,‘ 3 des niveaux £cologiquement . appropriés, aux

constituants de- la formulation insecticide de carbamate, utilisés d‘a_r]s'

les forets ‘canadie_nneg pour contrfler les infestations de tordeuses des
bout:;;eons de l'.épinetté. Les trait‘ement-s comprenaient 1'ingrédient
sctif, 1'aminocarb (4- diméthyle aminé 3- méthyle phénol N méthyle
carbamate), le nonylménc'l-lé (un  surfactant non-ionique), 1'huile

diluante #585 (un produit pétrolier), ou la formulation Matacil 1.8D,

qui contient chacun des trois constituants. Ni 1'aminocarb (0.1<2.5 .

pg/ml),. ni' 1'huile diluente (0..15-3.5ug/m1) n'affecttrent la croissance
ou le métabolisme des frondes. Cepéndant le nonylphénole, seul _.(2'.5;6.5
ng/ml) ou en formulation ﬁatacil 1.80 (2.5-6.5 ,ug/r‘ni de nonylphénole)
causa une diminut ion considérable de la croissance dés frondes, du poids
sec, du poids frais, du contenu de chlm:'phylle, de la photogynthﬁse, de
la fluorescence ghlorophyllienne, et de 1'ATP total. _ Le nonylphénole
n'gitéra pas de Fagon sigr)i-f-iéative l_a“ permépbilité des membranes. Les.

sympt dmes de toxicité causés par le nonylphénole.ou par le Matacil 1.8

comprennent également la décoloration des frondes et le détachement des

recines. Le degré d'inhibition d& au Matacil 1.8 était directement -

imputable au composant nbnylphénole. Ironiquement, le nonylphénole,
composant "inerte" de l& formulation Matacil 1,80, fut l'agen}: le plus

toxique alors que 1'aminocarb, 1l'agent "actif, fut sans au{:tion aux

doses employées ‘dans cette &tude. Puisque les effets biochimiques du

nonylphénole, sur tant de paramdtres, Ffurent trés rapid.es,- il devint

-
. . , 4

'.;v‘
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difficile d“ét{bhr avec certituyde, si les effets étaient primaires ou -

secondaires, et la toxicit§ non-spé&cifique de cet agent suggdre qu'il

agit b différents niveaux. .

-

L'assimilation d'aminocarb et de nmylphénole.fut aussi étudide.
s

La capgeité d'assimilation fut 15 .fois plus grande pour le nonylphénole

que po;lr 1'aminocarb. Ces valefrs' expérit\nentales sont semblables 3
celles pfédifes par- les équations fappdrtées dens _la littératu;_e pour
;les plantes. La haute"capacité. d'assimilation poﬁr le nu-'tylphénole
correspond 2 la plus grande valeur de Kow.d_e cet agent.' L'embloi

possible de Lemna minor comme indicateur de pollution° en milieu

-

aquatique est aussi discuté. | .
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I ~ INTRODUCTION

1.1 General Introduction:

-~

Rapid advances in modern tec}nology has resulted in‘ﬁ' dramat ic
increase in the production and use of chemicals. An array of chemicals
have been used exteﬁsively to control agr-icul'tural and household pests.
It has become evident, that in the course of this use, these pesticides
have become widely dispersed in aquatic and terrestri‘al environments.
This has been well documented in the literature in the past decade. (see
reviews, Mulla Ei;_a_l 1981, Ware 1980). Recent public concerns have been
expressed as to whether the potential envirommental hazards ’fesulting
from the spray of millions of kilograms of pesticide in the forest
environment odtweighs the potential benefits obtained from curtailing
insect predation. Many pésticides such as the ;tidely used fenitrothion
or aminocarb and their formulation products are not only restricted to
the target organisms but may impinge on non target organisms as well.
Registration and testing ‘df new insecticide is an ongoing process both
in Cenada and elsewhere. New emphasis is being given to the role of
adjuvants in Formulations_ although there is presently no specific
requirements for chemical and toxicological data on these products. It
is hoped tl;at the present study will contribute to our understanding of
the biologically active nature of one particular formulation adjuvant

{(nonylphenol) that has been considered an "inert". Further, it is hoped

that this study will act as a catalyst for other researchers and
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legislators to question the }‘.*(urrent Jogma which designates an automatic

. = . { =
description of "inert" to all formulation additives.

1.2 The spruce budworm spray program.

» forests account for 1.24 million square miles of Canada's land
area, the forest product industry being the dominant industry in many

) ~
regions. Increasing demands on the forest resources for industrial raw

o
material and recreational purposes "have increased the need to protect '
the forest trees from insect damage (Prebble 1976).

In Canada, the spruce budworm, Choristoneura fumiferana (Clem), ..

has become a major pest of the white spruce (Picea glauca), balsam fir

(Abies balsames), forest ecosystem. The budworm in its larval stage

damages the spruce and fi¥r trees by feeding on their needia in the
month of May an:i June. Outbreaks last for six to ten years during which
time lérge areas of rn.ature forest }nay be_ killed. In 1976, about
60)(1E.)‘5 ha of spruce-fir forests in the United States and Céna_da were
attacked. by the budworm:» (Anonymous 1976, cited in McCarthy é_t al
1983). éome individual outbreaks in Ontario and Queb.ec have affected
susceptible stands within areas as large as 181X10% to 207X10° ha.
Estimated timber losses have ranged from 4.25%107 to 2.8X108 ¢y
meters, depend:ing on the size _of" the affected areas (Prebble 1976).
Because of the extensive area of coverage required to cope with
the seridus insect problem, serial application of chemical insecticides
wag initiated in the mid 1940°s. DDT became the insecticide of choice

for budworm control. Initially, application rates were approximatély

183g.active ingredient/ha, and this reduced the moth population by about



955; ﬁbnéver by the mid 1950's concefn over non target effects on salmon
fry in the Miramichi fiver caused application rates té be reduced to
below 92g active ingredient/ha and a lower efficiency of cont;ol Qas
accepted. Finally in- 1968 the use of DDT was restricted in Canada,
following recognitiﬁn of its persi#tence 'and biomagnification throqgh
food * webs and subseqﬁent adverse effscts on the lecosystem. - This
initiated a-<search for an appropriate replacement for DDT. Ié 1962, the
-organophosphate phosphgmidon was sprayed experimentally, but its high
cost and siéniFicant toxicity to bErds made it unsuitable for treating
large aress (Kingsbury 1976). In 1969, fenitroEPion was introduced to
replace ‘DDT for operational control of lepi&opterous .defoiiators,
however, its use has been criticized as there appeared to be a possible
link between the adjﬁvant present in the fenitrothion spra& formulation
and the potentiation of Herpes B virus resulting in Reyes syndrome in

humans (Crocker et al 1976). ™ —

The carbamate insectici&e aminocarb (4~ diméthyl amino 3-
methylphenyl N methyl carbamate), a non systemic broad spectrum
ingsecticide was introduted for experimental use in 1970 and is presently
one of the insecticides routinely used in fanadian forests. In 1973 a
temporary registration for forest use was issued by Agriculture, Canada
and full registretion followed in 1977 (NRC report on'aminocafb'1982).
For field use, aminocarb is formulated with a carrier and a primary
solvent. Diluent 585 o0il the fraction of No 2 fuel oil which distills
at or below 5850F (3080C) is used as a carrier. It i§ composed of

i

alkylated benzenes and naphthalenes. Nonylphenol, & mixture of

monoalkyl phenols predominantly para-substituted, with about 3% of the

ortho isomer and 4% 2-4 dinonylphenol, is added to all registered

»
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formulations a8 primary soclvent to- ensure uniforn; spreading of

aminocarb on spruce_foliage. Aminocarb mixed with nonylphenol and

___di]yent 0 2:5:3 w/w/w has been registered as Matacil

1;&) oil solusble concentraté\and is applied at the rate of 52 - 70 g
active ingredient (a.i.) / ha.\ In Canada, formulated aminocarb was
F'-i:;st used in Manitoba in 1965 adeinst the fall cankerworm Alsophila
pometaria (Nigam 1975).. It was first field -test'ed againat ’th'e spruce
budworm in New Brt.l-nswick in 1970 and has been used on an operational
- gcale since‘ 1975. ) - -

An sppreciation of the magnitude of the potential problem posed by
the ever increasing predatic;n by ‘the spruce budworm may be gained from a
consideratio;'a of the immense extent of the are. sprayed. In New
Brunswick in 1976, 24X103ha were required to be sprayed, by 1977, this
had increased to 120X1ﬁ3ha. In Quebec alone in 1976 and 1977, 2.9X106
hectares were sprayed (Canadian Forestry Service 1977, 1978). In
Newfoundland 243X10° hectares of forést land was sprayed with aminocarb
in 1981, Spray operation planned for 1982 included coverage of 100X103
ha for Newfoundland an;j 1.2X106 ha for Quebec (FPMI Newsleltter 1982).
The total amount of aﬁinocarb used in th‘e provinces of Newfoundland, New
Brunswick, Quebec and Ontario i'n the past decade has been about.one
million kgs (Nigam 1980). In Canada, as e.lsl‘ewhere, for registration
purposes the pesticide is accepted as the active lingredient and the
adjuvants as "inerts". Registration of aminocarb, tt"|e active ingredient
uﬁder prés'ent investigation:’ was preceeded_ by extensive invertebrate and
mammalian toxicity testing. However, ‘registration did not require
testing on phytobiota. The present study w'as undertaken as it was

thought advisable to monitor..and evaluate whether aminocarb or its
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- adjuvants had any ioxiéqlogical effects on non target plants in the

ecosystem.

1.3  Lemna .

Lemna minor L. (Tracheophyta, Lemnaceae, Arales), gomqn.}y called
duckweed, a ready target for drift and airborne spray, was chosen as the
_;.est gpecies. The plant is a free flosting aquatic angiosperm, common
in aquatic ecosystems. It is composed of 2 to 3 fronds and a long root
with a conspicuous cap that hangs into the water from the undersid.e of
each plant, Vegetative reproduction is accomplished when the fronds of
the plant produce similar fronds from the pocket in either side of the
basal reqgion. - As the la!;eral fronds increase in size, any movement of
the water surface can detach them from the base of the parent. |

In the field, mats of Lemna, harbour a varied fauna of small
invertebrates. A number of insects are obligate or facultative
associates of L. minor. Obligates include the ephyrid fly and the
rynchophorous beetle. The eggs are laid on the fronds which serve as
food for the larvae and edults. Collembolans, Thysanura and spiders are
facultative, on the duckweed. Lemna is also used as a food source by 8

number of other animals including ducks, waterbirds, herbivorous fish

particularly Carpus lymprinus, and snails, Physa spp. (Hicks 1937,

Jacobs 1947 cited in Hillman 1961a).
In the laboratory the plant can be grown under axenic conditions,
. excluding the possibility of bacterial or algal contamination

contributing to observed results. Rapid growth of wuniform clonal
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cultures makes it possibBle to monitor changes in biomass fairly easily. |

Since reproduction is normally vegetative, homozygous material can be

.obtained by starting with a single plant and maintaining a stock culture

for as long as the investigation demands. Moreover, Lemna spp have been

widely employed as an investigative tool in ecological studies éa the

plants are very sensitive to metals and other pollutants, (Blackman
et al 1954, Hutchinson and Halina 1975). In this context it has also

been considered as an indicator of pesticide and water pollution (Walker

1980, Nasu & Kugimgto 1981).
1.4 Environmental Hazards of the Spray Program

The forested areas which have been the sites of aminocarb spfay
operation include man;frivers, lakes and streams. ~As a result of aerial
applicatidn of aminocarb, a proportion of the spray released will
inevitably drift to non target sites. Hindin et al (1966) reporte& that
less than 35% of the DOT sprayed from an aircraft reached the targe%,
presumably most of the remainder was carried in the atmosphere. A 50%
loss of sprayed insecticide to a crop has also been indicated (Edwards
1976, Woodwell 1967).

Initial field investigaﬁions on aminocarb showed rapid dissipation

of deposited carbamate into different cgmponenté of the forest

eéosystem (Sundaram et al 1976). Residues found in pond and stream

water samples colllected from Larose forest Que., aftér a single spray

[ 4
operation were 2.1 and 1.9 ppb respectively after a 0.6 day period and

decreased to traces after 32 days. Studies on persistence have shawn

&
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that the ti of anino}:arg in a-pond is 4.4 days and 8.7 days:in stream

water (Sundaram et al 1976). It was suggested .that the high value for
iqs/ecticide carried into

the stream was due i‘.o high concentrations of
the stream from surrounding land by runoff water s_an'd washinga from

foliage. Tests carried out in our laboratory have shown. a t} of 9.3

4

days for aminocarbiin Matacil 1.80 (Weinberger et al 1982).
Studies on spruce showed that following a field spray the foliage

contained 0.7 ppm of aminocarb at 0.6 days, this increasad up to a
maximum of 2.2 ppm by 4 days and by 64 days it had disappeared

completely. The half life on f‘oli'age was 5.6 days. Forest soil did not
. AY

/

contain any detectable levels of aminocarb ‘on, or after, 0.6 ‘days.

(Sundara!n et al 1976).
An

Aminocarb was first tested in 1970, (two spplications of 85g
a.i./ha), for side effects on aquatic organisms. No significant effects

ects were reported (Penney 1971).

on juvenile salmon or aquatic ins
application of 103 g a.i./ha, however, caused a 'sigfgf‘_icant reduction in

’ stonefly nymph populations. In enother study, in eastern Canada, during
the years 1971-1.97&,-amin0carb ‘was sprayéd at dosoé-‘ ranging from 52 g
a.i./ha to 105 g a.i./ha. There was a minimal effect on songbirds.
Bees were subjected to adult forage knockdown, small mammals and
amphibians were not affected. Minimal disturbances to aquatic organisms
Stonefly nymphs were the only group identified suffering
Holmes and

were noted.
signif‘icant impact (Buckner, MclLeod and Kingsbury 1975).
» working with nonylphenol, found no effect on aquatic

Kingsbury (1980;
_or terrestrial invertebrates or fish, at a dosage rate of 0.47 1/ha.
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The - acute toxicity, of aminocarb, its adjuvants and its‘

formulations, have been examined in a number of laboratory studies using
a-‘variéty of 01-'ganisns. T

In studies with technical grade aminocarb, Couture et al (1979)

reported a 14 day LCsg of 0.1 mg/L and a 24 hour Lng of 0. 8 mg/l.

for the'algae Selanast rum ca_grlcornutum and Chlamydomonas variabilis

respectively: The 48 hour LCsg was showmn to be 19 pg/L for the water

flea, Daphnia' megna, Nelson (1978) The 96 hour LCsp for stonefly,

Pteronarcella badia, anphipgds Gammarus pseudolimnaeus and G. lacustrus
were 28 pg/L, 2.2 mg/L and 1ipg/L respectively, (Woodward & Mauck 1980,
Sanders 1969). MclLeese et al (1980) in their study showed the nominal

96 hour lethal threshold (LCsg) to be 0.2 mg/L for mar ine shr imp

(Crangon septemspinosa) and concentrations  of up to 5 mg/L causing mo

kill in the fresh water clam (Anodonta cataractae)'. For the fresh water

crayfish, (Orcontes limosus), a 96 hour LCgg of 33 mg/L has been

reported, (Sundaram & Szeto 1979) Tests conducted on Atlantic salmon

(Salmoﬁ salar) have been inconsistent. Nigam (1975) reported a 48 hour
LCsp of 1.10 mg/L’ whereas McLeese et al (1980) showed a 96 hour LCsg
of 8.7 mg/L. -Toxicity tests 1conducted on mammals indicate an oral and
dermal LPSO of 30 & 275 -mg/kg body weight for rats.- (Mobay report

1979).

A limited number of laboratory tests on acute toxicity of the
adjuvants on non-target . aquatic fauna have been reported. For
nonylphenol, Ernst (1981) showed a 360 hoyr LCsg of 1.00 mg/L to soft

shelled clam (Mya arepsria) and a 144 hour LCsg of 5.00 mg/L when the

clams were exposed to dMuent oil 585. Mcleese et al (1980) reported
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the 96 hour/LCsg to marine sghrimp- {Crangon’ septemépint-)éa) and lobster

(Homanus dmericafus) to be 0.4. and 0.2 mg/mL nonylphenol respectively.

In th%ame study a 144 hour LGsg of 5.00 mg/mL and » 5.00 mg/mL to

freshwater clam (Anodonta cataractae) for mnylph_é'nol arid diluent oii

respectively has been shown. In addition a 96 hour tCsg of 5 _mg/mL

for marine anne#id (Neris virens) and 5.00 mg/L to Crangon sp exposed to
_ ~
diluent 0il has been reported.

Lethality tests with formulated- aminocarb showed a 14 day LCsg

.of 0.1 my a.i./L and a 24 hour LCsp of 0.6 mg a.i./L for the algae

Selanast ruh capricornutum arid Chlamydomonas varisbilis respectively

(Couture et al 1979). The 96 ‘hotr LCSH for the marine shrimp (Crangon

septemspinosa) for clam (Anodonta sp) and the Atlantic salmen -(Salmon

~ salar) were 0.50, 1.0 and 3.5 mg/L respectively (McLeese et al 1980).

.

e

‘1.5 Rationale for present study - : : '

<
From an examination of the literature published one can state that
previous* research has largel.y . ihvestigated the effects of the

insecticide aminocarb and the adjuvants on animals of the forest

ecosystem. There is a derth of literature on the effects of aminocarb

o -
and its adjuvants on aquatic plants which constitute an integral part of

-

‘the fresh water food web. Studies on phytobiota would be worthwhile as

‘the total energy budget of an ecosystem is extremely sensitive to any

-

changes in primary productivity. Consequently, such changes in primary

productivity may affect organisms at other levels in the food web and '

~even diversity within a community. This latter pertubation has been

. -
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demonstrated by Mosser et  al (‘i972) and Taub (1976) who '_have . shown
altered species composition after pesticide treatment.

" The/ aim -of the .present research .waq to gstablish the relative
phytotoxicity of.éminocarb, diluent oil 585 and nonylphenol, presented
aloﬁe,or together in the Matacil 1.80 formulation. L. gggég provided an
ideg} nontarget test organisﬁ. Additionaliy accuﬁulapion of nonylphenol
and aminocarb was étqﬁied. To meet these objeétives the followingl
studies were undertaken.

(a) Effects on the whole plant were monitored by méasuring. }rond
number, fresh and dry weights and comparing control !(untreated sets)

with plgnts exposed to the pesticide, its adjuvants,'and the formulation

mix.

(b)  Effects st the cellular level were followed by determining total

chlorophyll, —4phatasynthesis (14C0,  uptake), chlorophyll fluores-
cence, total.ATH. CelL membrane permedblllty changes were monitored by
determlnlng chaéges in conductivity.

(e) An Octanol-water partition coefficient for nonylphénol was

obtained and uptake and bioaccumulation of aminocarb and. nonylphenol

followed.

o~y

The validity of Lemna minor as a_biologiéal indicatof to monitor

pollution of aquatic areas will be discussed on the basis of the data
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31 MATERIALS AND METHODS

2.1 Chemicals
- : 4

Aminocarb (p-dimftl‘lylanino-m—tolyl N-methyl carbamate), nonyl-
phenol,' diluent o0il 585‘, Matacil 1.8D 0OSC (2:5:3 w/w/w aminocarb: nonyl-
phenol: diluent o0il) u:eré gifts from Mobay Co.. Ltd. Mississauga Ont.
Stock solution of Fac’h were prepared by dissolving the chemicals in
glass distilled methanol. The solutions were then storéd in a refrige-
rator (50C). All solvents ised for extraction of the xenobiotics were
glass distilled, pesticide grede ana purchased from Caledon Laborato-
ries, Toronto. - For scintillation counting, Oxiprep, Carbosorb and
Permafluor wer'e purchased from Packard Instrument Company Inc.,Ill.
u.s.A.

[

2.1.1 Labelled compounds

Sodium bicarbonatel4C, specific activity 7.9 mCi/m mole was
purchased - in crystalline form from New England Nuclear, Boston, Mass,
U.S5.A. On delivery it was imﬁediately dissolved in deionised, sterile '

r
water (pH 7.2) and stored at 50C. 14C ring lsbelled aminocarb (S.A.

S.01 mCi/m mole) was purchased from New England Nuclear Co. U.S.A.
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2.1.2 Luceferin tuciferase

Freeze dried extracts of Firefly lanterns -were qbtained
commercially (Sigma Chemical Cn.,. Stock FLE-50) and stored at -200C
uﬁti.l used. Each vial contained the extract from 50mg of firefly
lantsus in magnesium arsenate buffer. Each vial was rehydrated with
37.5 mL of deionised distilled water. A;ter st.anding at room
température for 1 hour the suspension was filtered (Whatman No. 4) and
. the filtrate incubated in an ice water bath for .ZQ hours. (Patterson et

al. 1970).

2.1T.3 ATP Standards

Adenasine 5' triphosphate (FF-ATP) was obtained from Sigma
Chemical Company 'and stored at -209C, Each vial contained 1 mg ATP
and 40 mg HgSO-Q. To 1 mg of ATP was added 100 mL of deionised distilled
water, to give a stock solution of 10 ug/mL ATP. This stock solution
was then stored -at -200C, Before the ATP analysis, standards ranging
in concentration between 50-1000 ppb were prepared and kept in an ice
bath. (Patterson et al. 1970). |

»

2.2 Plant material and conditions of culture

Lemna minor plants were purchased from Carolina Biological Supplies
U.S.A. Prior to culturing, the fronds were sterilized by immersion in

0.5% hypochlorite (30 seconds), followed by theee distilled water
.
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washings. "Following this, .they were transferred to stérilized Hillman M

medium (1961b) fortified with 30 M EDTA, (Cleland and Briggs. 1967).

. The pH_was'adjusted to 5.6. After the hypochlorite treatment the fronds

wére\pariially bleached but subsequently healthy daughter fronds were
produced. About 30 such healthy fronds were selected and transferred
aseptically under a sterile hood to 500 mL Erylenmeyer flasks containing

the 200 mL Hillman M medium. The flasks were maintained in a growth

chamber (Sherer Controlled Environment Lab Model CEL 255-6), at 250 °

C+19C in continuous light provided by cool white fluorescent tubes (10

klux).

2.3 Bioassgys

2.3.1 Growth studies: Frond number, wet and dry weights

Three plants of Lemna miner with a total of 10 fronds were

selected randomly from a week old culture, and used as the initial
inoculum for each test series (Table 1). The growth of the plants was
daily determined for seven days by counting the number of fronds. Any
Hegree of frond growth was counted as a whole frond. At the end of
seven d;ys wet and dry weights were determined Fér all clonal cbltures.
The wet weights were obteined after surface drying the plants on
absorbent paper. The fronds were then freeze dried at -500C for 1
hour, with a Virtis Condenser connected to a Welch Duo Vacuum Pump Model

No. 1402 and the dry weights determined on a Mettler H534AR model

L]
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balance. All experiments were repéated at least twice at different

times.

S

Table 1. Lists the various concentrations of the compounds used in the
study. :

Chemical : _ Final toncentration

Aminocarb o, ¢.10, 0.50, 1.00, 1.50, 2.00 or 2.50 wg/mL
Diluent 0il #585 0, 0.15, 0.75, 1.50, 2.25, 3.00 or 3.75 uwg/mL
Nonylphenol 0, 0.25, 1.25, 2.50, 3.75, 5.00 or 6.25 ug/mL

Matacil 1.80 (sminocarb) O, 0.10, 0.50, 1.00, 1.50, 2.00 or 2.50 wg/mL
content )

-

The final concentration of aminocarb 1in thé media was

cross-checked by extracting with ethylacetate and quantifying the a;:unt
of eminocarb by gas chromotography. (For details see Table 2).
-

-

!
2.3.2 Chlorophyll Contgnt:/~

In parallel experiments 7 day old frondskwere analysed for total
chlorophyll contant. ~ The (plants were homogenized with a glass
“homogeniser in 4 mL of 80% acetone and centrifuged for 5 minutes. fotal
cﬁlorophyll was determined according to the method of .Arnon (1949).

In another set of expefimgnts, Lemna Qiggg plants were treated
with Matacil 1.8D (2.5 wg/mL aminocarb). Fronds were harvested at 0, 4,

8, 16, 20, and 24 hburs and total chlorophyll content determined as

described above.
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2.3.3 Photosynthesis mCUz incorporation

Lewa minor plants were trested with aminocarb !1 po/aL) diluent
oil #585 (1.5 pg/mL), nonylphenol (2.5 pg/ml) or Mastacil 1.80 (1 pg/ml
aminocarb). Control plants were grown in media without added
xenobiotic, Each flask was ‘inoculatéd with thirty \Fronds (3-4
fronds/plant }, randomly selected from a one week old culture. As the
experiment was of short duration more fronds were used than for the
previous studies to ensure enough plant material for accurate analysis.
Plants were harvested at the end of 12 hours and trensferred to a 250 alL
Erylénmeyer flask each containing S0 mL of HEPES - NaOH buffer (pH 7.2,
20mM}. The reaction was started by edding unlabelled and labelled'
sodium bicarbonate to give a final concentration of 2mM bicarbonate.
Plants were harvested every 30 minutes for 3 hours, washed twice with
distilled water, to remove - adsorbed NaH’“CU;, lyophilizéd, weighed
aﬁd then burnt in a sample oxidicer (Packard Tricarb ﬁodél #308). The
1&302 fixed in the plant was counted for 20 minutes using a liquid
scintillation counter (Beckm;nn L.S. 3133P). Counts were corrected for

quench,

2.3.4 Fluorometric analysis

For this study Lemna minor fronds were treated with 0, 2.5, 5, and
6.25 pg/mL  nonylphenol. tach flask was inoculated with 30 fronds
randomly selected from a one week old culture. After 12, 24, 48, 72, 96

and 168 hours fluorometry studies were conducted for all treatments
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sets. A plant productivity f'lu'orbmeter Model SF-—ZD. (Richafd Branker
Research Ltd., D.ttawa, Canada) was. used to measure the induction of
fluorescence in the fronds. Four-to six fronds with ﬁeir roots excfised
were dark adapted by placing the fronds for 5 minutes on a plastic sheet
with a. fluorometer probe centeted directly on top of them. Following
this, the initial (I), peak (P), and terminal (T) readi'ngs were
immediately recorded. These readings indich&ﬂ the degree of integrity
of the e}ectron flow between PSII and PSI in the light reaction of
photosynthesis. The gair; wés set at 0.8 the exposure time was 50

!
seconds and the wavelength of light was 670 nm. {(Moody 1981).

2.3.5 ATP Assay

Lemna minor plants were treated with aminocarb (1 pg/m. and 2.5
pg/m.), diluent oil 585 (1.5 pa/mL and. 3.75 ug/ml}, nonylphenol (2.5
pg/m. and 6.25 ug/m.) or Matacil 1.80 (1 pg/m. and 2.5 wg/m. of
aminocarb). Each flask was inoculated with thirty fronds, (3-4
fronds/plant), randomly selected from a one-week-old culture. Fronds
were harvested at the end of 12 ho(ms and 24 hou frozen in ethanol at
dry ice temperatures of -400C and stored overpight at -209C. The
ethano; was 'remo-ved with a pipette and the _plahts were lyophilized to
remove residual 'et.hanol, following this, they were exhaustively
extracted in Tris buffer at 1009C to & final volume of 5 mL. (Gower
1981). The extract, if not immediately used, was kept frozen.

For .the ATP assays 0.5 m_L of the extracted samples was mixed with

1.5 mL of firefly ?xtract for 30 seconds and the ATP content was
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determined as the measurement of light emission ;during the oxidation of
luciferase (1 minute). A Beckmann L.S. 3133P l‘iquid scintillation
counter was used to measure light emiséion_. Gain wa$ set at 52 with an
open window of (0-1000. Background light emission from the

luciferin-luciferase preparation was measured prior to running standards

and samples.

2.3.6 Cond;ZEXvity.

Ore hundred Fr'ond.s of Lemna minor were floated in Hillman M media
containing 0, 2.5, and 5 pg/mL nonylphenol. After 12, 24, and 48 hours
all plants, treated and control, wei‘e harvested aﬁd washed thoroughly in
deionized distillc.ad water. The plants were then incubated in 10 ml_r of
deionized distilled water and gently shaken during incubation. ‘At 0.5,
1.5, 3.0, and 18 hours th'e specific' conductance of the ambient solution
was measured using a SCM 2Ze conductivity meter. Leakage of eléctrolytes
as measured by changes in electrical conductance was taken as an
indicator of chhnges in cell membrage permeability during the treatment

periods.
2.4.1 14C Aminocarb Uptake

Thirty fronds of L. minor were exposed to 2.64 pg/mL ring labelled
14¢ aminocarb (S. a. 5.01 mCi/m mole). Fronds were harvested at 3, 6,
12, 24, 48, 96, 120, and 168 hours, washed tharoughly with deionized

distilled water to remove absorbed‘ aminocarb. The. fronds were then

[l
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-ffeeze dried and the dry weights taken, .Fﬁllowing which the |;lants were
’ burned in a Packard sample oxidizer al-'ad the “14¢ recovered and comtezl
on a LSC counter. Thé 14C aminocarb in the media for esch given time.
period was determined by taking 100 ul aliquots of the media into 1;.0"m§\.
of Scintiverse Scintillation Cocktail in counting vials and thé 1‘*6‘
,radioaétivity measured on a Beclanan_counter. Quench corrections were

made using quench curves derived from external standards.

2.4.2 Nonylphenol uptake

In separate, parallel experiments, a further ore hundred fronds of
Lemna minor grown in 200 mL of Hillman M media were exposed to 5.0 pg/ml
nonylphenol to determine nonylphenol uptake with time. Plants were

, v
harvested after 6, 18, 24, 9% and 168 hours, washed in distilled water,
dried with blotting paper and the fresh weights taken. The plants were
then pla}:ed in 4 mlL of methanol and stored at -209C for 24 hours,
Following’ which the plants were homogenised and sonicate.d on a Model 300
Fisher ‘Sonic Dismemrator. The methanol fraction was tFansFerred to
‘graduated centrifuge tubes and evaporated to a volume of 0.5 mlL. | A
small volune' (1-4pl) of the sanble was gas chromatographed on a HP Model
5880 gas chromatograph {Table 2) and the nonylphenol quantified using an

.authentic standard.
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2.5 Persistence of Aminocarb, Nonylphenol and Diluent 0il 585 ‘

-

From an analytical grade (99.3%) aminocarb stock in methaﬁol, an
appropriate amount was transferred 'ito 500 mL Er'ylenmeyer flasks. the
methanol was blown off in a stream of nitrogeﬁ and 200 sL of Hillman M
media (pH 5.6) added to give a final concentration of 1.12 + 0.20 pg/mL
aminocarb (T=0)}. Three flasks were taken on tf.!ays 1, 2, 4, 'and 7. The
aminocarb wss extracted in ethyl - acetate (2 X 100 m. ). Flash
evaporated to 5 m. and then "quantified in a GC model HP 5810 using
external standards.

Similarly an appropriate aliquot of nonylphenol was transfgrred
from a stock solution in methanol to 500 mL Erylenmeyer flasks. Tt"ue
methanol was blown off and 200 m. of media added to give a final
concentration of 5.07 + 0.37 pg/mL (T = 0). Three flasks were taken on
days 1, 2, 4, and 7. The nonylphenol was extracted in hexane {2 X 200
mL), flash evaporated to 3 m. and the nonylphenol .quantif'ied on a GC
Model HP 5880 using external stanpdards. |

For studies with diluent o0il 585, 50 uL of oil in scetone was
transferred to 200 mL of Hillman M medig.to give a final concentration
of 24.20 ug/m. (T = U).. Three™ flasks were taken at 3, 6, 12, 24, 4B,
72, and 168 ﬁours. The diluent oil was .extracted in hexane (2 X 200 mL)
flask evaporated to 1 ml. A ';)inéh of magnesium sulphate _ahhydrous was
added to all extracts to remave residual water. A GC model HP 5880 was
"used for quantific:atiori. External standards! were injectedﬁ after every 3

nyections. The GC conditions for aminocarb, honylphenol and diluent

0il axe detailed in Table 2.
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2.6 Partition Co-efficient: Nanylphenol

Two millilitres of mnylmeriol from a standard prt;pared in octanol
wasl introduced into a separatory funnel containing 250 mL of n-octanol
saturated deionized water. The contents were gently shaken {to a_voj:d
Fgmation qF emulsions), about 100 times. The octanol fraction.was then
gas chromatographed directly. The nonylphenol in-the water fraction was
extracted with hexane (2 X 200 mL), flash evapa‘ra'ted to a 2 mL volume
and trensferred to a 10 mL centrifuge tube. The volume was further
reduced to 0.5 mL usih;; a stream of hitirogen. The nonylphenol present
was quantified by igas chromatography using external standards.-

2.7 Statistical Analysis of Data

Data collected froan_experiments were subjected to an analysis of
variance. Biomedical Computer Program BMDP 2V developed by Department
of biomathematics U.C.L.A. and the Statistical Packaée for éocial_
Sciences from SPSS Incorporated were used for the anal_ysis of.variance.

‘

Significance was determined by Tukey's test at the 0.05 level. (Tukey

1949).
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TABLE 2

Conditions for dﬁs Chromatoqraphy of Aminocarb and Nonylphenol.

Detector

Oven temperature
Injection port temp.
Detector temp.
Carrier

Air
rHydrogen '

Column

.Column packing

Aminocarb
nitrogen-phosphorous
1700C
1709C
2500C

‘helium (30 m./min.)

(60 mL/min.)
(3-5 mL/min.)

4 feet, 2 mm inside
diameter

3% SP. 2100 on ultra
bond 20 M B80/100 mesh.

Nonylphenol

flame ioniza£ion

1600C

1500C

3009C _

Nitrogen (30 mL/min.)
(400 =L /min.)
(30 mL/min.)

4 feet, 2mm inside
diamet

6% QF-1 plus
4% SE-30 on Chromosorb,

high performance,
80/100 mesh.

Conditions for Ges Chromatography of Diluent 0il 585.

Detector

Oven temperature
(programmed)

Injecti&7 port temp.
»

Detector temp.
Gas carrier
Auxiliary

Air

Hydrogen

Column

Split Ratio

Flame ionization

Oven temp. initial value 70°C
Oven temp. initial time 3 min.
Oven temp. programme rate 109C
Oven temp. final value 15d°C
Oven temp. fihal time in 10 min.

1500C
3000C
Helium

Helium

flow (1 mL/min.)
flow (30 mL/mfﬁ.)
flow (400 ﬁL/min.)

flow {30 mL/min.)

25 meter capillary column methyl silicone cross

linked 19091 A M102.
1:50
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I RESULTS

3.1 Frond number and 96 hour IGsq.

The toxic effects of aminocarb (0.1 pg/m.-2.5 ug/mL), diluent o0il
(o.1§;si7s pg/m.), nonylphenol (0.25-6.25 wg/mL) or Matacil 1.80
(0.1-2.5 pg/m. aminocarb) were obt'ained bf'dai}y counts o% frond number,

over a seven day period. ' . | .

Teble 3 lists the group mean of the number of frbnds for the
different treatments and their respective concentrations, The group
mean was calculated by adding the number of fronds observed on each day
for seven days. A Tukey's test, (Tukey 1949), perfarmed on the date and
asgessed at the 0.05 level indicated a variébility of response dependent
on treaﬁéent. Aminocarb and diluent 0il at none of the concentrations
tested significantly affected frond multiplication. However,
nonylphenol at concentrations as low as 1.25 pg/ﬁL and Matacil 1.8D with
nonylphenol concentrations of 1.25 wug/mL significantly decreased the
rate of frond emergence. . o

In figures 1 and 2 the effects ofl treatment on. frond number,
expressed as percentage of control is  plotted over a 7 day period.
Increasing concentrations of nonylphenol or Matacil 1.8 were accompa-
nied by a decreasing number of fronds. For nonylphenol, (1.25-5 pg/mL),
and Matacil 1.8D, (0.5-2.5 ug/nmL aminocarb), a significant reduction in
frond number was evidenced after three days of exposure. For example,

on the seventh day, frond multiplication was inhibited by 20, 27, 44 and

-
)

[ 3
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55% with 1.25, 2.5, 3.75, and 5 pg/mL nonylphenol respectively. At they
highest culcentratim of nonylphenol, (6.25 po/aL), and Matecil<1.8D
‘(containing 6.25 )Jg/mL nonylphenol), a signilficmt'depressiqn in frond

emergence was mi:-ed after one day of treatment, and a 76% inhibition

-
~

recorded on the seventh day. ¢

Yy
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‘Table 3. 7 'day Post-treatment Gfoup Mearr of Number of Fronds _F"ollowing

Treatment with Aminocarb, Diluent 0il, Nonylphenol and Matacil 1:8D.

—_—

Treatment . Cohcentration ‘Group mean
pg/mL Number of Fronds
A Control 0 ,f‘ 489a
Aminocarb 2.5 Aéaa
Diluent o0il 585 3.75 4933
B Control 0 447a
Nonylphenol . . 0.25 - 468a
. o 1.25 384b
2.50 . . 364b
3.75 283¢c
5.00 244d I
6.25 -\> 164e e

. Matacil 1.80
(Concentration of

' nonyl;phi:nol) 0.25 442a
| 1.25 355b
:2.50 340b
3.75 271¢
5,00 "240d

6.25° - 13% '

Values followed by the same letter indicate no significant difference at
the 0.05 level (Tukey's test). ¥

s
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Figure 1 1-7 days: Effect of Nonylphenol (0.25-6.25 ’.lg/mL) on
Frond Number (% of Control + 1 SD)
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Figure 2 1-7 days: Effect of Matacil 1.80 (0.1-2.5 jpg/ml.

aminocarb) on Frond Number (% of Control % 1 SD)
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Figure 3(a) and 3(b) demonstrates that on the fourth day there is

an apparent inverse relationship between the number of, fronds produced

»

and the concentration of xenobiotic to which they were exposed.'

The straight line of best-fit was .drawn through the points of
concentration of nanylphenol, and Matacil 1,80 and the number of fronds
(% of control) obtained. Correlation co-efficients of 0.98 and 0.96
respectively were obtained fr.om the regressiﬁn. . A 96 hour IGgq
(inhibition of growth) fraditionally used to measure short term toxicity
was found to be 5.5 pg/m. both for nonylphenol and Matacil 1.80 (2.0
ug/m. aminocarb) containing 5 pg/mL nonylphenol.

N

3.2 Visual Observations.

Monitoring of L. minor plants treated with aminocarb or diluent
0il indicated that no ‘visual change occurred in frond color or root
~ growth, over the concentration range tested. However, plants exposed to
nonylphenol concentrations of 2.50, 3.75 or 5.00 ug/m. showed partial
‘bleaching of some fronds after one day of trestment although daughter
fronds continued to be formed. Even at ;he highest concentration of
* nonylphenol, (6.25 ug/mL), which caused the initial 10 fronds to turn
completely white; daughter fronds emerged or; mother fronds. Some of Lthe
daughter fronds were partially bleached (Fig., 4). At concentrations
above 3.75 pg/m. nonylphenol, detached roots were observed. Comparable
results were obtained when fronds of L. minor were treated with Matacil
1.80 in the concentration range; of 0.'5'2'5 ug/mL aminocarb. For example

at 6.25 pg/mL- nonylphenol in the Matacil 1.8D formulation (2.5 Pg/le

P
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aminocarb), the initial 10'fr0(uds were completely bleached. Partislly
bleached daughter fronds were produced jover time. The roots of these

fronds easily detached (Fig. 5).

3.3 Fresh and Dry Weights.

To further delineate the effects of aminocarb, diluvent oi_l,_
nonylphenol and Matacil 1.80 on L. minor, fresh and dry weights were.
measured after seven days of treatment. In the case of aminogarb and
dilu‘ent oil no significant decréase in fresh and dry weights were-
observed at the highest concentrations used. .(2.5 Hg/mL aminocarb, 3.75
}Jg/mL diluent oil, Fig. 6a and 6b). Cultures exposed to nonylphenol and
Matacil 1.8 in the concentration range of 2.5-6.25 pg/mL nonylphenol
.content exhibited a significant reduction in both fresh and dry
weights. A linear relationship was obtai'.ned when concentration of
pollutant was plotted against fresh' and dry weights. (Fig. 7a k-am:l‘ 7b).
Nonylphenol significantly reduced fresh.-and dry weights in L. minor
fronds above a concentration of 1.25 pa/mL and 2.5 pg/mlL respectively
after seven days of treatment. At the highest concentration of 6.25
}Jg/mL tﬁe fresh weight was reduced by approximately 50% and the dry

weight by 45%. Comparable results were obtained with the formulation

Matacil 1.8D where the nonylphenol content reached this concentration.



Figure 3a and 3b. Comparative Determination of 96 hour 'IG50 of

Nonylphenol and Matacil 1.8D respectively.
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Figure 4 1 day Post treatment. Plan® of Lemna minor Exposed to
Nonylphenol Concentrations of 0, {(Control), 0.25, 2.5 and 6.25 pg/ml

{(ppm).
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‘Figure S. 1 day Post treatment. Plants of L. minor Exposed to
Matacil 1.8 Concentration of 0 (Control), 0.1, 1.0 and 2.5 pg/mL af

aminocarb in the formulation mix.



MATACIL I-8D
O1ppm

MATACIL |-8D. MATQ'?‘SCD'SJBD
1ppm .




-

Figure 6a and éb. .7 da)ﬁst treatment: Fresh (®) and Dry ()

‘weights ;:f L. minor Treated with Aminocarb (0-2.5 pg/mL) and Diluent 0il

(0-3.75 pg/mL).

N
—_
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Figure 7a and 7b." -7 day Post treatment: Fresh (®) and Dry (9)
Weights of L. minor Treated with Nonylphenol (0-6.25 ug/mL) and Matacil

1.8 (0-2.5 pg/mL aminocarb content).
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3.4 Total Chlorophyll Content

[y

The total chlorophyll content measured on thjé seventh day of growth

indicated that sminocarb and diluent o0il did not significantly inhibit

total chlorophyll content' in the concentration range of‘0.1-2.5 }g/mL
aminocarb or 0;15-3.?5 P;/hL diluent oil (P{0.05). However, for the
xéngbiotics nonylphenol and Matacil 1,80, the totai chlorophyll content
was a sensitive measure of toxiciéy and lead to an apparent. linear
relationship (Fig. 8). .A concentration of nonylphengl of 1.25 pg/mL
significantly depressed total chlorophyll content. A 50% reduction was
obtained when fronds of L. minor were exposed to nonylphgndl between
2,50 and 3.75 Pg/mL. Similar results were obtained FoféHataciy 1.8D

containing 1.25-6.25 Pg/mL nonylphenol.

In a parallel experiment when the acute toxicity of Matacil 1.80

containing 2.5 Pg/mL aminocarb, 3.75 ud/mﬂ diluent 0il and 6.25 }g/mL
nonylpheaol was examined, 50% of the damage was notable within
approximately 18 hours post treatment (Fig. 9), and the damage could be

totally ascribed to the nonylphenol in the 1.80 formulation.



Figure 8 Chlorophyll Content (% of Control) 7 days Post
treatmeﬁt, EFFects'_oF a Range of Concentrations of - Aminocarb,

Nonylphenol, Diluent oil and Matacil 1.8D. Control = 0.77 * 0.07 mg/q

fresh weighf.

( 1) Concentration of Aminocarb, or Aminocarb in Matacil 1.8D.
( 2 ) Concentration of Nonylphenol. - .

{ 3 ) Concentration of Diluent oil 585,

A
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Figure 9. Fhlorophyll'Content'(ﬁ control) 1 day Post treatment:
Ef fects of Matacil 1.8 mix. (2.5, 3.75 and 6.25‘pg/mL of aminocarb,
diluent 0il and nonylphenol respectively). Control = Cl.'fa,t 0.06 mg/q

fresh weight.
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3.5 Photosynthesis

In order to test whether the poilutants had an affect on
photosynthesis, fronds exposed to the ienobioticé were transferred to
HEPES NaOH buffer containing radio-lebelled NqH1“C03 and \the
14202 assimilated was monitored in treated and control sets. Ffronds
'exposeg for 12 hours to;aninucarb (1 Pg/mL) or diluent oil (1.5 pg/mi},
fixed approximately the same amount of 1“002 aé\ the gontrol plants
over a three hour test period. In contrast, 1“C[lz fixation in E:
minor fronds was severely affected by exposure to a concentration.of 2.5
ug/mL nonylphenol presente& alone orras a constituent of the Matacil

1.8 mix. In these treatments sets, 14002 fixation was reduced by

45% almost "constantly over 3 hours as compared to untreated sets (Fig.

10).

3.6 F luoromet Ty

The inhibition of photosynthetic sctivity was further studied by
measuring chlorophyll fluorescence indicated by P-T transients. Fronds
exposed to 2.5 pg/mL nonylphe'nol showed a 21% and 32% reduction of
fluorescent activity after 12 amd 24 hours respectively. Acclimation to
this concentration of nonylphgnoi was later observed_and after six days
complete recovery was noted. Treatment with 5.0 Hg/mL nonylphenol was
sufficient to reduce the P-T transient by 60% and 80% after 12 and 24
hours respgctively. Recovery.to control levels were observéd on day 7.

ighest concentration of nonylphenol (6.25 pg/mL) a 99%



Figure 10. 1400 Fixation 12 hours Post Treatment. Effects
of Aminocarb (1.00 pg/mL), Oiluent oil (1.50 pg/mL), Nonylphenol (2.50
pg/mL) and Matacil 1.80 (1.00 pg/mL aminocarb content).
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Figure 11. Effects of Nonylphenol (2.5, 5.00 and 6.25 pg/mL) on

v

Chlorophyll Fluorescence Egpressed as P.T. transient (% of Control).
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inhibition of 'chlorophyll fluore.sc.ence _wa.s evidenced after '24 hours.
This was n;:'ni;. unexpected as the fronds were ‘completely bleached.
However, a &radual récovery ‘was evidenced and by the seventh day c;ﬁly

~17% inhibition was obtained. (Fig. 11),

3.7 Conductivity Measurements.

Leakage of solutes from the fronds into the ambient solution was

followed for 18 hours to derte_rmine‘the effects of nonylphenol on cell
. . 4 .
membrane integrity. Changes in electrical conductivity of the seolutions

were taken as an indicator of leakage of electrolytes from the fronds.
. S

The value.s obtained from treated sets werg compared with controls. The

values indicsted for 12 and 24 hours were very similar to those of

controls (Fig. 12a and 12b). By contrast, there was an increasing trend
/

in the conductivity of the media when the plants had been treated \‘dth 5

pg/mL nonylphenol forw.ig. 12¢). _

-

3.8 ATP (Adenosine Triphosphate)

,Th; total ATP content 1n the fronds/was detem.l-i.géd on control gnd
_I.;.reéte;d sets by tl;l'e well established luci rin-lupif‘erase method. 4&
4 lists the ATP content as % of control for the different f.reatments
following 1‘2 and 24 hours of exposure. After 12 or 24 hours neither
aminocart” nor diluent oil reduced ATP levels significantly. _However,
treatment sets o‘F L. minor exposed for 12 hours to nonylphenol (6.25

)Jg/rnl.) or Matacil 1.80 containing 6.25 pg/m_l. nmylphehol. suffered a
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- significent reduction. After 24 "hours of treatment a 20% and 75%
reduction in total ATP levels wes indicated following exposure to 2.5
and 6.25 pg?mL nonylphenol respectively. These reductions were obtained

whether the nonylphenol was presented alone or as a part of the Matacil

1.8 formulation. Nonylphenol and Matacil 1.8 did not

Turiniscence of ATP standards at the concentratiohs used.

3.9 14C Aminocarb Uptake.

L. minor sequestered a maximum of 7.5% of the total 1f‘t‘_‘»‘ar:tivity
from a .2.64 pg/mL aminocarb solution reachin‘g a peak cor_rcéntration of
557 pg/mlL aminocarb equivalents at 96dwurs. Following this, a gradual
decline to 397 Mg/g at 7 days was obtained. This apparent dilution in
the coﬁé'entraﬁion of a‘minocarb in tI:Ie plant was propabl} due to an‘
increase in weight of plant tissue as the actual amount of aminocarb
uptaké by the plant resched a maximum by the seventh day. (Table 5).

The bioaccumulation ratio of aminocarb in L. minor fronds sgainst
time is shown in Figure. 13, Bioa‘ccupulation ratios are defined as the
concentratim;i of aminocarb in the plant divided by the concentration of

the pesticide in the surrounding water for a given time period. The

biosccumulation gradually increased over time and an accumulation

max imum of 227 was noted at 96 hours, followed by a decline to 170 on

t
t_he seventh day. A mass balance was calculated and indicated a loss of

aminocarb in the range of 0.75-4% ip the course of the study.
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‘Table 4. ' Effect of Aminocarb,*Diluent oil, Nonylphenol and Matacil 1.8D
on ATP levels. The values as % of control after 12 and 26 hours post
treatment ~ indicsted together "Zw'ii:h their respective ftandard
deviation. ¢ (Control at 12 hours 5_333§ + 209 pg/g dry weight at 24

£ 3

hours, 1122 + 32 pg/g dry weight ). -

_ ’
Treatment "~ Concentration - ATP
of xenobiotig i % of Control ,
pg/mL . 127bhours 24 hours

Diluent oil - 1.50 - 3.75 = 92.2+ 6.4 | 108.0 + 7.4
Nonylphenol ' 2,50 90.3+ 3.0 | 80.7 £ 10.8
: - 6.25 78.5 &+ 5.5 25.3 + 3.0
Matacil 1.8D 1.00 2.50 1.50 83.7 + 9.6 81.7 £ 2.3
2.50 6.25 3.75 80.3 = ¢.0 24.3 = 4.9
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Figure 13. Accumulation of Aminocarb in L. minor plants Exposed to

2.60 pg/mL, 1-7 days Post Treatment.
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3.10 Accumulation of Nonylphenol

The uptake of ronylphenol from the media was determined over a
seven day period following exposui:'e of L. minor to 5 p:;/mL ncnylphenolé
Initially, a gradual increase in the nonylphenol concentration from 3050
pg/g at 6 hours.t6 5240 pg/g at 24 hours was obse-rvedr. A maximum
concentfation of 1&,380. pg/g nonylphenol at 96 hours; suggested that
15.4% of !:he total nonylphenol present in the media’“ps taken up by the
plants. Foilowiﬁg this, after seven ddys, there was a‘slight. decrease
~in the con'l:entratiori' to 12,960 po/g of r_lonylphenol.inuthe_’ fronds..(Table
6). _ ) . ' | V

 The biopccumulation ratio of nonylphenol as a function of time is

shown in figure 14. For the bioaccumulatién calculations the amount of

nonylphenol in the media was not experimentally determined but obtained

theoretically by the difference of the total amount of nonylphenol
initially present, to the amount in the plant at a given time. This was
done as poor pi'lase separation made it impossible to quantify the actual

amount of nmylphenol. Bioaccumulation .rati.os"i‘wsed with time

initially, but after 48 hours, remain'ed almost steady. The ratio rahged'

from 630 at 6 hours to 3,080 at 7 days. The transfer co-efficient (TC}
is definedas the amount .of water (g'c_)r ml‘) cleargd of- its nonylphenol
content by one gr;an.(dfy weight) of L. minor in one hour. The TC was
observed to be 100 at 6 hc;urs and 18 at 7 days. This indicated a rapid
uptake of nonylphenol between 0-6 hours followed by a slower intake of

nonylphenol into the plant tidsue.

L]
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-Figure 14. Accumulation of Nonylphenollin L. minor Plants Exposed

- ta 5 pg/mL 1-7 days Post Treatment. )
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3.11 -iPersistence of Aminocarb, Nonylphenol -and Diluent oil in the

N Media:

Table 7 shows .the amounts of aminocarb, nonylphenol or d;lwnt'oif
presen§ in Hillman M. media (pH 5.6, 25¢C), over a 0-7 day post
injection. The concentrations were determined by gas chromatography.
Aminocarb 'app-ear'ed-t;: be fairly stable in the medium. A 32% loss was
ocbserved on the seventh day indicating a t: of ? 7 days im the mediun.. |
‘No derivatives were detebted. _ | )
. Nonsrlphenol losses fr'aa the media were 11% at day“é and 56% at day
7. The t} waes roughly between 5-6 days. No't;ansfot‘rhed_prodmt were
de-t_:ec-tek?. ' '

The diluent o0il rapidly volitalised from the medium. A. 36% loss
was observed after 24 hours with non detectable concentrations reached

after 72 hours. The t4 was approximately between 24 and 36 hours

indicating a relatizéy short persistence time..
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'products (S\ushér 1982) For registrati

! o To be éomer;:ially effective and environmentally safe modern

j . egt .
‘pesticides require a high dggree of .specificity so that the pesticide

_ will affect only ‘specific organ systems in the target species. In

reallty, no synthetic -pesticide. ‘approaches this ‘specificity' and

conseqyently a vanety of effects may be seen on nontarget organisms.

>
In addition, pesticides are not the/only material In, a spray

'_Forl'nulation. Bec'apse of  their poor solubility it is frequently

. o < -
necessary to use substances that promote their solubility -and enhance

* their performance characteristics. Chemicals such as éurfactant';s,

diluents and dispeﬁsing' agents are used in formulatipg pesticides.
These ad';jl]'lvantis may be phytocidal. |
Concern sbout the impact of pesticides on non-target organisms

expfessed “by hiologisté and erivironmentalists has formed -the basis for

_‘leglslatlon aimed, at controllmg or prohibiting the use of spec1fic

pestundes As a, result, extensive toxicological data on target and

-
.

non—.targ,et orgamsms is requxred before the actxve 1ngred1ent in the
p-a

-~ [

spray mx\m.reglstered for use. Rarely are tests requxred on the-

.1nd1v1dual componenta of - t{e\formulatmn mix. This could be attributed

, t.o the fact that "reglstratmn of surf‘actants or other products aFf’ered

as adjuv s 1in pestlc.lde apphcatlon is not requ1red under the U.S. }

hd r

purposes, in Canada and

Federal law‘ although .8 few states do r:;jlre reglstratlon of such

' elsewhere, theae chemlcala are considereda to be "inerts". However with

ap.read of their. use in e_x ,_ ‘entgl. work in phymglogy - it has ‘been.\
et T - ,
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recognised that surfectants are not "1nert" compounds but are h1ghly

A8

actlve, capable of causmg var:.oue bmchemcal and physiological effects
(Earr and Norman 1965). -The present lnvest igation with nonylphenol

served to emphasize that this compound which is considered to be an
"1nert" in the Matacil 1 BD mix may be potentially phytotoxic.

For testlng the tox1c1ty of chemlcals to nontarget aquatlc plants

there are innumerable parameters that could ‘be measured as many poss1ble-

-- 8ites and mechanisms of phytotoxio action have been fouanfor a wide

variety of chemicals (EPA report 1975). - The response measured could be
simple, such as production of a foliasr lesion, to more complicated

bioassays involving .measurement of photosynthetic activity and/or

:determining the uptake* of the chemical, to ensure proper environmental

assessment of the test chemical. For example, a chemical may not alter
the growth or reproduction of a plant but absorption and biogceumulation
of the chemical could be toxic to phftophagous organisos feeding on: the
plant. o op

' In the present study a number of bioassays were adopted to test
the potent181 toxicity of the chemlcals in' the Matacil 1.8 OSC

formulation! In order to 1solate the phytotox1c1ty of the components of

Matacil 1 BD it was necessary ‘to study the toxic1ty of the individual

. components namely aminocarb, nonylpbenol and dlluent as well as the.

* Matacil 1.6D spray mix. The b1oasseys adopted were fast and reliable

and unlike the LC5g did nobrrequlre that the test organism die before

~the chemical be. assessed phytotoiic. . 7 N -

B - '
' »
- . - . ) .

e vy
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‘ a.‘1 Aminoc¢arb

Aminocarb the "active" ingredient in the Matscil 1.80 mix is @
structurally s'pet;:ific poison irhich’ J‘.nhibit;; acetylcholine esterase
resulting in neural disfunction and death of most animal species, tﬁe
lethal dose varying between species. (Corbett 1974). N-m_e!.hﬂ
carbamates have been‘ used not only as insecticides but are r:wel I-;r:lown
herbicides tﬁg primary mode of action in plants‘ involving the inHibition
of mitosis and meiosis (Amer and Farah 1975, 1976, Amer.1965). Studies
on the effect of a;nimcarb on nontarget plants have indicated inhibition
of cell division in algese at concentrations of 5 pg/mL (Chacin 1983) eand
a 50% reduction‘ in sprout lengi:h in white birch seedlings accompanied by
a significant reduction in the germination veiluelat 50 pg/m!. (Weinberger
.and Vladut 1981). However, in the present study, aminocarb showed no
gignificant effect on frond ﬁultiplication ip L. minor. This could
passibly be .explained on the basis that ved low concentrations (0.1-2.5
’Jg/rrl.) of eminocarb were used in -these studies to simulate
concentrations which may be found in the environment. furthermore,
aminocarb did not = reduce total éhlorophyll, ATP  content, or
photosyntl}esis in thé fronds.

N

4.2 Diluent 0il SB5 . “

' 0ils have beﬂ used extensively in insecticidal sprays as selective
" and ;;eneral herbicides and as _carriérs for soluble ,agric’ultural

+ ', ! . \ LT ~ -
chemicals.”” Research undertaken on phytotoxic properties of oils have

indicated that toxicity increases along the series:: paraffins,
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- néphtqalenes ‘oleﬁiﬁg and aromstics (Baker 1978, Van Overbeek and
Blondeau 1954). Furthes, Bruns et al (1955) found that eromatic
Qolvenis with'a hoi1ing point of 117-2169C and en aromatic content of f
not less than B85% wergv the most effective for- controlling aquatic
weeds. Currieriand Peoples (1§5¢) showed éfomatie hydgdcarboné rapidly
killed aquatic plants at a concentration of 1% ;/v. By . contrast,
diluent oil 585 (a mixture of aromatics) did not affect the growth of
Lemna mirior in this study. Weinberger and Res (1981) also found the oil
to have no‘ effect on the growth ahd deyelopment of Chlorella

pyrinoidoaaa“Chick, or Chlamydomonas reinhardii Dang alga. One possible

suggestion for the lack of inhibitory effects observed may be dqe.to the
J////fact that concenfratioﬁa used in the present study were .beinw the
threshold level required to cause a response.’ Furthgrmore'the toxic

. components may have volatilized as the persistence studies showed a
rapid loss of diluent oil from the media (Table 7). Similerly, Soto st

al (1975) demonstrateéd that highly volatile naphthalenes exerted redqcéd
toxic effects in open systems, suggesting that the reduced toxigity.was

-

due to rapid volatilization of the naphthalenes.

4,3 Nonylphenol and Matacil 1.8D

Eefore proceeding with the discussion it is notable that the
effects observed on tﬁe different, parameters tested with honylphenol and
Matacil 1.8D were not sjgnificently different. As a result emphasis on

¢ the effects of nonylphenol -will be.discussed.



.

The frond .multiplication studiés" pa:tiaily indiqated.. that
nonylphenol wes phytotoxic to L. minor. Although these studies did nat
necessarily specify a certain mode of toxicity, the -method was' useful
for initial screening pﬁrposes. As the concentration of nonylphenol was
increased, a proportiﬁnal inhibition was observed. The inhibiting
effect was not'o.nly dependant on concentrat’ior_w of the xenobiotic but
also on the time of exposure.. For example, siénificant effects“at
concentration .bef;ceen 1.25 andIS.tII ,;g/nt were only evident on the third
day suggesting that a certain accumulation of nonylphenol was required

within the plant to bring about a response.

The trends obtained in these studies partly followed the basic
concept of dose to response relationship in which a sigmoid curve is =
., obtained plott.";fng response (% of control) agéinst concentration.‘ Only
. the 1linear porti:n of the curve was clearly demonstrated, presun;ably
be_;:guse vefy low or h_igh conc;antratioﬁs were not used. The concentra-
tion range. over which ﬁhytotoxicity occured was quite narrow. This has’
also been shown for other surfactants (Parr 1982). In piotting 96 hour
dose r‘esponae curves probit plots were not wused -as mortality of fronds
was not observed.‘ Instead an index reporting the )concent’:ration which

ceused 50% reduction in growth was adopted {96 hour 1Gsq). Tr';is was
‘similar to ECsq. values treditionally used in chemical foxicity test:s'.\_.:
with enimals. Blackman et- al (1954) used LDsg values. in .his report .
for comparing the .rt;.lative toxicity of difFerent‘éhem.nls in L. minor.
Fronds which were colorless over more than half the surface were counted

'\A_ senescent. (i‘hus the concentration which caused senes'cence in half the

fronds i.e_. me_dia;n lefhal dose (LDsg) was adopted as standard. This
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method has serious 11m1tatluns alnce the present study showed fully -
bleached fronds capable of producxng daughter fronds. The 9% tr, IGgg -
for which all fronds were counted whether green or bleécheq seemed more
appropriate énd aerveq usefully in coﬁparing thg relative toxicity or
nbnylppenolland Matacil 1.8D. An important inference drawn from these
plots suggested nonylphenol to be the toxic component in the Hagabil
1.8D mix. | . | \/\
Chlorophyll . destruction appeared ‘to be a @ajor symptom ‘of
nonylphenol injury, with small increments of nonylphenolcnncent;at;Pns
- (2.5 to 5.00 ‘o 6.25 -Fg/ni.) a transition from .par.tially bleached to
completely bleqched fronds was noted after 24 hours of treatmeﬁt. ‘This
“ supports the suggestion Wy Blackman et al (19§a) that the t".legree of
chlorosis is very sensitive to small changes in concentration. The-'
total chlorophyll quantified on day 7 indicated a proporéional decrease
with sequéntial increase in concéntrations of the nonylphénol. Although
this papameter was not determined on a daily basis, it is tempting to
suggest From -the visual observation studies and the short term study
with Matacil 1,80 (fig. 9), that chlorophyll wes severely affected in
_the~tnitial innolculum (10 ‘fronds) -and that this initial traumatic
’—;ii;:fn:::u:zzisbed by slow recovery. Répid diminutioﬁ of ‘chlorophyll
suégesteﬂ the ';ttractive puasibxllty that the prima‘? site of .
nonylphenol act1 n may be the chlorOplast Furtherm;re, nonylphpn&i, a
highly 1ipophylic lecule (Kow 15,000 McLeese et ‘il '1931, 5,00Q the L
present gIde), may preferentially solubjlize in“ the lipid pha oé
internal membranes ag the 11p1d content of the chloroplast is notably,

high (Granick 1949). Surfactants have been shown to solublll?e membrane
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lipids (Helinus & Simns.1975), due to their enulsifying effects on
cytomenbranes and other 11p1d contalnlng structuresﬁi ) e
Apparently, there have been no published attempts .made ﬁ%
understand the mode of action of surfactant induced bleachlng. ~However
this is a well recognized phenomenon for herbicides. The ‘mechanism of
herbicidal bleaching h;s been discussed in great detail by Sandmann and
Boger (1983). These authors have basicaily suggested two modes of
action.  One possibility involves tg; inhibition of carotene
biosynthesis. It is well dogdmented,that carotenes p{ay a protective ’
role,.preventing photooxidation of chlorophyll moieties Decreasé” in
céfotenes leads to .subsequent photodestruction 'o:%\\;L{orophyll,
peroxidation of other membrane components and decay, of ;léctron
transport. The ?ecand :'gpssibflity involves peroxidation of
polyungatﬁ;ated fatty acids coﬁcurrehtly with ﬁhe breakdown of
carotenes, chlorophylla and decay of phntoaynthetlc electron “transport.
Peroxidative hleachlng may also occur 1f the harvd/ted llght energy 13
not channeled into chemical work. Besides the bleaching caused by.
eitﬁgr carotené loss or peroxidation, more targets for bleaching are
co?ceivable such as the inhibition of chlorophyll biésynthegis-itSélf.

More studies are clearly needed with nonylphenol to clarify the specific ¢
i v T
- mode of action 1nvolved.

A further xndlcatlon of the mechanism of nnnylphenol induced
toxicity in L. minor was establ;shed from thé’ present "studies on
photﬁgyntheéié, membrane permeablllty_and tota{/fTP.' These parameters
~were followed beqauae,_ii was _hypothesised “that \efFects on these
processes may precede‘hoge gpecific toxikélogicafsymptoms. |

LY
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Photosynthesis consists of light and dark reactions. ATP -and
1 .
NADPH, are produced in the Wactim and 07 is released. In

the "da?_’g", rea_cti,dn €02 is reduced,K and incorpofaied into various
organic compounds using ATP and NADPHp. Toxic agents mdy affect
phoi:osynthesis either by altering the chloroplast activity for COp
fixation and/or by altering -the diffusion of (02 ,to photosynthesising

cells (Boyer and Younis 1980). The effect of nonylphenol on

*

¥

photosynthesis in L. minor was assessed by measurement of the rate of '.

¥cp, fixation.  The. obsey(mtion that photosynthesis was inhibited
by 45% within 12 hours of treatment of.E_. ‘minor fronds with 2.5 Pg/ml.
toxicant ‘strongly suggests that this was the'.most sengitive parameter

t:.eswted during the studies. These findings paralleled closely the study

"of Elner et al (1982), who reported a 50% to 100% decrease in carbon

asgimilation by natural algal communities exposed to Matacil 1.80 which

contained 0.98-1.5 pg/ml aminocarb respectively. They attributed the
observed reduction in CO; fixation solely to the pesticide (aminocarb)

Ay
in the formulation. The authors did not attempt to differentiate

A

between the effects of the pesticide and its formulation adjunct one of

which was mnyiphenol. ' ’ ' E - ‘

In the present cage a pcasible explanation for the inhibition ‘of
%ncqrpﬁt'at_ion eoy_ld‘ be -r-elated to the fact that nonylphenol
being a lipophiiid molecule may have changed the.d';loroplast activity
possibly by intercalating in the thylakoid membranes thereby perturbing
the membrane ' function. =~ Tawne et al (1978) showed by electron

S,

micrographs thai: nonionic surfactants cause

" laterally and become an ordered lan?.ﬁl\ar system somg'imeé appearfpg as

e

the grana’ to enlarge
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sbnormally large grana. It was proposed that surfactents loosen thef
‘ '

bonding material be!_:ween the grana membraned and with this -di;i-uption'_'

water flows ini:o -the intermembrane area. Moreover surfactants wé.r.;e

qbserved

»

thué sites of ATP and NADPHp formation. Subsequefitly a reduction in

ATP may cause \inhibition of photosynthesis, since ATP is needed to

operate the Calvin cycle. Dodge (1983) showed thst when carbon dioxide

fixation is prevented, excess excitation energy leads to the formation

of triplet chlorophyll, which may generate singlet oxygen leading to -

lipid peroxidation or directly induce _proton sbstraction from
unépturate.d fatty acids, These reactions instigate cellular’
disorganisation and finally death. Further support for the irdhibition

. - ., i
of photosynthetic ectivity were derived from the fluorometry data

-obtained in the present studies. Schreiber et al (1978) indicated that

chlorophyll, fluorescence was a sensitive meaw thj’}p)lwtosynt_hetic
energy’conversion and is useful in the eluc ion ‘o the'various"

reactions of the photosynthetic mechanism. The observation that the
chloraphyll fluorescence measured as the P_—T' transients was inhibif.'ed by
20% with nonylphenol (2.5 ug/mL, 12 hours) was consistent with the

previous studies “ which demonstrated that nonylphenol (Z.S'Fg/mL)

"-@nhibited T4co, uptake and ATP formation. Subseguent réco;rery of

flyprescence suggested that the daughter frords p‘roduced at $uccessive
generations were- less affected by nonylphenol, as compared to the
initiadl innoculum.  Similar trends.may have been obtained for 14c0;

-

fixation had the'"jexpve;"iment‘been“f‘ollowed for a longer time period.

reduce the photosynthetic carbon dioxide fixation ~of.

1-ed soybean cells, possibly by disrupting thylakoid membranes and -

-~



There is good agreement between damage estimted by the fluorescerce

assay and the visual syfptoms with exception of the results obtained

after 12 hours of exposure, in which the chl&ophyil fluorescence

characteristics were significantly affected before any visual symptom

- could be detected. This indicetes that the fluorescence assay is
capable of detecting injury before visible lesions are noticed: Total
lnhlbxtlon of ohlorophyll fluorescence at 6.25 Pg/nl. nonylphenol could
be related to complete bleaching of the ‘fronds after 24- hours - of'
exposure, and was in agreement. with Moody (1982) who demonstrat_ed a

ICF10p at 0.75

/mL nonylphenol in CHlamydomonas reinhardii. T

The mechanismdy involved in the changes in chlo.rophy'll fluorescence

induction have been abtributed to a number of factors (1) destruction of

chlorophyll (2) damage to PS 11 donor site .(Hzo splitting enzyme

system), (3) inhibition -of electron ‘transport from PS 11 to PS 1.

(Schreiber"e_tg 1978). Furthermore Krause (1973) and Mohanty et al

(1971) found uncoyplers af photophospﬁorylation to' abolish the P-T
transients suggesting the action of uncouplem on 'transsmembrane proton

gradients., Papageorgiou ($975) also indicated that the P-T trangsients

correspond to trans-membrane ion flux and induced conformational changes

of tha thylakod membrane. This would be consistent with the prior

discussion concerning men'ane Elistructlon with nonylphenol.

for- studying nonylphenol effects on whole plaots. This method could be

convenlently uaed in screening oF pollutants in the laboratory and the
'f'.teld as the 1nstrument is portable.
.

e

Furthermore, an interruption of photosynthesis may eventually lead

. »

The fluorometry.studies proved to be a rapid and senaltive method

o
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to a reduction 'in food reserves. This has been s.-hom;in- the present '

study as there was a significant decrease in both fresh én_t'j dry weights

at the end of seven days Fol'lowir'rg exposure to 2.5 ug/mL nonylphénol.

Other researchers have also reported a decrease in fresh and dry weighfs; )

of higher plants e;cposed to nonionic sur factants. Horowitz and

Givelberg (1979) showed Agral at 10 ulA (ppb) 8 days post treatment

-reduced the fresh weight of the roots and shoots in Sorghum bicolor by

48% and 30%. Endo et al- (1969) observed Agro Gro! and Soil Penetrant’

at 330 ug/mL to decrease shoot dry wéight by 88% and 71% respectively at

day 5.

It was interesting to note that, the cell membrane permeabil ity

meas{ired by overall loss:of intracellular material, was not affected.’

_.-This.'does not seem unreasonable as nonylphenol being a nonionic

surfactant, (i.e. there are no ionizable polar end groups on the

molecule), may enter cells with greaterfease concentrating in lipid rich

organelles such as the chloroplast in preference to the plasmalemma.

and then measuring subsequent’ surfacthnt

“u

18C through fikation of 14c0,

.l

‘effects on the loss of this >

t4co, hee i by more thad 50% et they had no effect on
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leakage of ra:l'iold:gl 18¢ from the cells. The authors suggested that

this was indig_:ative of effects on inEracellulér membranés 'f_ather_ than

the auter cell membrane.

Healey et al (1 97}) published electron mlcrographs of plant cells

exposed -to the anionic surfactant LAS (sodium (lJ.near_) dodecyl benzene
sulphaonate). After & hours of Ereatment_ swelling of thylakoids was
evidenced but no apparent morbhological’ changes in- membrane syst;ns

other than the chloroplast was shown. When the treatment. time increased

to 48 hours the plasmalema'was intact although often pulled.away- from .

the cell wall, swelling of mitochondrial cristae were observed and

severe changes' in .chloroplast morphol&;‘y’ nated.

L KA -

Thus it may be teptatively suggested thaﬁt ‘sur factant action on
chloroplast membrane pre'ceed} destruction of. the cell membrane.

Adenosine 5' triphosphate has been known to be the most common
energy . cionating molecule * in biochemical reactions. The
lucxferin lucxf‘erase methud for quantifying the anomt of AT'P in plants
has been vudely used It should be noted that although other compounds

. TN
with high phosphate transfer potentials are found in cells, it is

unlikely that reduced luminescence found in extracts of treated fronds™

was due to these compounds, since ATP is more sbundant in cells and has
been demonstrated to give the greatest hinin?scenc;e when added to firely
extracts (Clegg 'and Koevenig 1974). ]

" In the present studles it " is dlfflcult tu explam why a 20%
&tmn in ATP -levels (24 hour, 2.5 pg/mk) did not aFFe_ct Frond

multiplication till day 3. Perhaps ﬁnny]:phenol did not teduce the ATP

r -
» Y - .
- R * ‘ .
¥

- .
.
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levels. suffici.ent;ly within 24 hours to become a limiting fact.:og for-
frond growth. . This is in agreement with the findings of an earlier
_study with algae in which p-opulati.on' densities were sht;m to be
- initially unaffected by decreased ATP levels-(CIegg and Koevenig 1974).
Moreover, the results roted in the present study that phot';osyntta’esis was
reduced by 45% with minimal decrease in the level of levels could
[;[Ob&ly be a consequence of either increased respirat-ion (;l‘ decreased
output iny work (eg. - sction transport and bios'ynthesis)-. gowever., _
nonylphenol (6.25 pg/mL) did sev;erely reduce ATP levels within 24 hours,
-.sugg_est.’ing effécts on pm',tnpl'iospﬁor-ylation and  oxidative
phosphorylation. Vernon (1965) demonstrated t'he non-ionic surfactant
Triton X-100, commonly used in phy's‘iollogical studies, to separate
membrane lipids from proteins and to uncouple photophosphorylation in
spinach” chloroplast af. a concentration of 0.007%. Changes in -
perrnid:_ilif.y of grana and interqrana lamallae were suggested as the
_cause of the changes. Respiratory phosphorylation has ,also be;n
reported to be uncoupled by Triton X-100. This was related to swelling
of the mitochondrial membranes. Electron micrg'scopic observations
méntiohed previﬁusly (Healy et al 1971) support the suggestion by these
authors.
"In conclusion the re'sults‘ obtained in the present study couid all
pr;zbably be explained nn.the.basis of changed membranre integrity in the
chloroplasts al:Id rn'itochon:!rié following exposure to nonylphencl "whether

LY : .
" presented alone, or as a component of the Matacil 1.80 formulation.

Py
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~ 4.4 Uptake and bioaccumulation

. The present studies which describe the uptake and ‘bioact:t‘.mi.l;atj.m.

-of - aminocarb md nonylphenol ‘have shown that nonylphenol tends_f.o
bioaccumulate in L. minor several té.n;es more than does 'anin'oc.al:b. This
was to be ex'pectEd, as a number of‘_st:.:dies with organic pollm;tahts and a
variety of organisms have established a .gerjeral .trend for iﬂcr.eas_e- in
pollutant accumulation with increasing octeml-wate; 'partition
coefficients. Correlation between K,,, waiéer solt_bjl.lity' and the_
bioconcentration Factor have appeared in the -literature.-\ The Kow,’wls
reflected in the sdlubility of the compomd and plays a central role in

predlctmg the values for transfer rate constants between ccmpartments.

It could be considered to b&a quantitative measm‘e’ nff' hydrophobn:lty of

a compound. ’y respect it has been used to pred.lct the

bmaccunulatmn' of orgam.c chemicals in an.unaIs (Neely et al 1974; ‘Chiou
et al 1977; ‘Kenaga & Goring 1980; Veith et al 1979 and Ellegehau n et

al 1980). Furthermore, the water soldnllty of orgamc ‘com ;

been demmstrated to be mversely related’ to bmaccunulafm

and this

relatmnshJ.p has proven useful 1n predlctmg the bmaccunul
.

&
organismg (Chiou et al 1977 Korte et al 1978; Kenaga & Gorlng

Ammocarb has a Kow, ut‘ 30 at pH 6.0 (Heinberg_er‘ and Greenhalgh 1981}, -

and nonyphenol an Kqy, of 5,080 as calcul ated  in - the present study or

'15,000 (McLeese ﬂ‘ﬂ. 1981). u‘l’he discrepency' in the values "for

‘. . -

ds has
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rpnnylph'e'ml may have been a resul of poor. phase separation of -

nonylphenol between the_octanol-water phase. 'Calculated valugs for the
bioconcentratmn factor for mm&arb and nonylphenol unng regression
equations was surpnsmgly low as eu'npared to observed values, (Appendlx-
ii). - The appar’ent contradiction m;y have been due to a "number of
factors: (1) The equstions cited in literature were calc'_ulated using

fish as the model organism. The excretory s;stem in animals is 'a well

defined system, kinetic rate constants describing the ra'te of uptake and

_clearmce of chemlcals from fish are estimated and the BCF céalculated

when a steady state is reached. As a result these equat ions may not=

hold\)good for plant systems ‘nhere theré is no specific 'excretory
system. (2) The biological half life (t4) of an organic chemical has
been shown to be higher in plants ag_cohpared tO'mimals._.. For example
the ti& of aminocarb in trout is 32 bours whereas 1t is 600 hours in L.

minor (Lockhart et al 1983). (3) The publzshed equations do not

contam a time factor making it dxff'lcult to mterpret at what time a

.steady state was reached and the BCF calcu}ated. .
" Having con51dered the drawbacks involved in predlt:hlng BCF of
organic pollut‘ants_; in plants with animal ‘models, some interest in

deriving "equations‘ for plants has been initiated.- Korte et al (1978)

demonstrated that BCF in the alga.Chlorella fusca could be correlated

with the water~solwilities of 10 lipophilic chemicals. -Ellgehausen gt
al (1980) ‘derived a regression equation relating K, with BCF in

algae. (Appendix ii)}. .Briggs et "2l (1982) studied the uptake of

chemicals by roots of Barle“y' and ‘found that BCF was greater the more

lipophilic the chemical. . 4
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During the course of the present study Lockhart et a] (1983)
working with a number of organic® pollutents including aninocarb, studied
uptake and depuration trends in L. minor. The measured BCF calcul ated
by téking tﬂe ratio of uptake rate constants to depurstion rate

constants was 56 on a fresh weight basis_and 890 on a dry weight basis.

" This value was -reasonsbly close to that found in the present studies (96

hour bicaccumulation was 227). ‘As the K,, of nonylphenol and fluorene
are sbout the same, (Kg, of fluorene 4.18), it would be logical to
cnmpare‘the BCF of these compounds. . Lockhart et al (1983) reported a
BCF of 105 for fluorene khi(:h would convert tt; 1,678 on a dry w;eight
Sésis. Jhese results agree reasonably well with the measured

bioaccumulation of _3,&20'F0r nonylphenol (96 hours) obtained in the

present studies. Bioaccumulation ratios of 2,000 for carberyl in L.

minor, and 1,280 for dieldrin in Elodea have been previously reported.

(Kan,a\zawa et al 1975, Sanborn & Ching Chieh Yu 1973), suggesting that
aquatic plants could be a. significant macro-reservoit of organic
chemicals in aquatic systems, exposing - herbivores to\~higher

concen't'rat.ions of a pollutant than présent in the ambient enviromment.

J

4.5 Relevance tq Field Conditions

One of the most important but-also most difficult tasks following

studies of this kind is to try to relate the data to field conditions.

Much more Ffield work must be carried out before relisble correlations

-~

can be made, but laboratoi'y investiga‘tions serve as a basis to difect

this further work. One shartcoming of field work, without preliminary
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laboratory work, iq the difficulf.y of relating observed ef’fecta tn‘ Icnoﬁn‘
effects of individual xenobiotics. For example, although some field
studies on the toxicity of Matacil 1.8 showed effects on stanefly
nymphs (Pe?ney 1971), bees ™ and songbirds (Buckner et al 1975), it is not
clear hhether the effects were caused by anmocarb or the adjuvants.
Thus, preliminary laboral:_ory studies could serve to. answer swch
ﬁwstions. " The® data obtained in the present studies_' clea'rly indicated
that nonylphenol is the toxic component, to phytobiota, in the Matecil
1.80 spray formulation.

There is a derth.of literature on persistence and residugs of
nonylphenol in lake water under field conditions. However‘, studies on

persistence in stream water samples have been reported. Sundaram e_ta_i

(1980) showed 9.1 ppb ofﬁ,’inonylphenol in stream water one hour post

]

) j
spraying decreasing to trace levels of 2.00 ppb by six hours. In the

same study, up to 1.10 ppm of monylphenbl was found in water teken from

a stagnant part of the same stream 4 hours post-treatment. This study

L4

indicated the possibili'ty of nonylphenol concentrations being higher in

lake water Ll)‘(n(in moving stream waters.

As nonylphenol =and diluent oil 585 are aparingly solub1; in
water they would preferentially accumulste at .the air water interface
where free Floatiné fronds of L. minor reside. As &8 consequence,
concentrations of up to 6.25 }Jg/mL or higher of nonylphehol could
impinge on the fronds leading one to hypothesise tP':at t!:aere might well
be some ‘bleaching of fronds and a short or longer term reduction .in

frond number. Even in the best case situation, these perturbances could

lead_-f:o a reduced vigour of affected Lemna population.

L)
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. An sxtrapolatmn of results frcm this study to condltmns which are
found in contaminated streans and lakes is tenuous, houever, the results.
will hopefully stimulate further investigations a;companie.d by field
studies.’

-

4.8 Leril_na minor as an Indicator Species

-
.

Often in impact evaluation studies we seek methods of minimizing

_,t[;e nuanr of variables to be measured "in order to indicste the

condit.ions of, o:;-'nature of, the envirorment we are studying. Indicator
species have been used to evaluate -the prevailing' conc_litions in =a
variety of* situations. For example, Eliassen (1952) conducted a long
term study and summarized the changes in the species of fish, larger
invertebrates and plankton in. some streams as they change fraom slight to

severe pollution and back to the unpolluted conditions. Thus, finding‘

the appropriate set of species is crucial to the assessment of pollution

. in an aquatic system. fo find an appropriate orgenism or organisms

Butler _e_E_a_l 1971 suggested the. following attributes for an. organism to
serve as a biological indicator. The organism should (1) accumulate the
pollutant without being killed by the levels encountered in the
envirorment, (2) be of reasonable éize, giving adequate tissue for
analysis. (3) be abundant thrc.Jughout the study ares. (4) be easy to
sample, aand hardy enough to survive in the laboratory. (5) be
sufficiently long lived- to allow the sampling of more than one year

class if desired and (6) be sedentary in order to be representative of

the study area.
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In the-preéént study L. minor proved to be a very sensitive species
to ndnyiphennl pollution. The organism fulfilled most of the criteria
stated sbove. For example the fronds were not killed even at the
highest concentration used which was 'ccmparal.:le.to that expected in_ i:he
field. The plants also accumulated reasonable anounts of nonyl phenol .

An additional attribute for an indicator organism not cited by
Bu§1e£ et al (1971) could well be changes in appearance of plant% or
aﬁimalé in the presence of pollutants. Fbliar lesions or chlorosis of
fronds could be a rapid tool for indication of nonylphenol pollution the.
degree ﬁf chlorosis of fronds allowing conclusions to be drawn as to:the
level of pallution. 7 ,

Although a species or a related group of species can be used as
indicators it would be mgfe efficient'and relidqle to use more-general
characteristics such as chlorophyll, photosynthesis, and ATP content

previously cited in literature. A rapid diminution of total chlorophyll

and disruption of electron flow through PS11 and PS1 as indicated by the

fluorometry . studies were importént symptoms of nonylphenol toxicity
evidenced in the present-research. As a result it is strongly suggested
that these parameters be used on other ‘phytobiota as an indicatar of

pollution in aquatic systems.



-7 -

4.7 Suggestions for FutureﬂResearch .

v
(a) It would be worthwhile to conduct electron microscopy studies to
verify the suggestion that chloroplast membrane disrtuption preceeds the

. effects on cell membranes. These experiments might also prove useful in

elﬁu.scidating the effects of nonylphenol on grana and stroma structures in

- i -~

chloroplasts.

“{b) It is impnﬁta_nt that an attempt be made to demonstrate preferential
accunulatiqn of noir'uylphenol in chloroplasts as opposed to the™\

plasmalemma. Autoradiography studies with labelled nonylphenol should

answer this question.

(c) It could be interesting to determine th;a effects of nonylphenol on
carotenoid and chlorophyll- biosynthesis to further study the involvement °
of these proceBses’if inducing bleaching. ‘

(d) The effect of nonylphencl on mixed cultures, for example natural
assemblage of algae and L. minor would provide meaningful data to enable
more accurate predictions to be made on the effects of nonylphenal under
field s:i-tuations.

(e} Field studies after a spray operation would be worthwhile to
follow., Harvesting L. minor fronds before and after a spray gperation
and'conducting bioagsays, may give an indication of the extent of

pollution.

-
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- " SUMMARY.AND CONCLUSION L e T
. L. - \ -

. ' ' ) _ . ’
h -
The phytoxicity of. Hatacil 1.80 and its components aminocarb,

nonylphenol and diluent 011 585, were investigated. The" results

demonstrated that at field relevant concentrations amnocarb the actiwve

1ngred1ent, and diluent oil the_j carrier in the formulation mix, did not
significantly efFeet the growth and metabolism of Lemna minor. This was
probably due to the very low concentrations used (to simulate field
concentrations) and the rapid valatilisati_on of di.lue‘nt o0il from "the
media., J

The results with the nonylphenol and the Matacil 1.80 suggeated the
degree of 1nh1,b1t10n to be directly sattributable to the nonylphenol
content in the formulation mix as there was no significant difference in

the results obtained when Lemna minor plants were treated with

nonylphenol or Matacil 180 The results indicated that nonylphenol
perturbed the growth and development and this was evxdenced by the fact
that it, (1) inhibited Ffrond emergence above a concentration of 1.25
}Jg;/mL and the 96 h 1Gsg (Inhibition of growth) nas'calculated to be
5.50 pg/mL  nonylphenol. (2) The fresh and dty' weigﬁts were
s\i_g_rp‘.f’icantly depressed at treatment le{rels of 1.25.[:Ig/r}lL and 2.50 }Jg/mL :
respectively. (3) Bleaching of the fronds was observed 24 h post

trea;ment following exposure of Lemna minor fronds to 2.5 pg/mL

nonylphenol and the total chlorophyll measured on day seven was
inhibited by sbout 50% at a concentration of 3.75 pg/mL. (4) Exposure

to 2.5 pg/mL nonylphenol led (to a 32% iphibition of photosynthesis as
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'nd}cated by ‘chiorophxll fluorescence (P-T ‘transients) and 555 as
ndicated by 14C02 incorporation 24 h and 12 h post treatment
‘respectively. At 5.00 ug/mL an BO% inhibition of P-T transient# wa‘s
observed. (5) The total ATP levels in the fronds was inhibited by 20%
and 75% at 2.50 and 6.25 ug/mL nonylphenol respectively 24 h post
treatment. (5) Cell membrane pel:meability was not affected by any of
the concentrations tested (2.50 and 5.00-ug/mL). . '

The results suggested- that ribnyl’phenol Mas a rapid bioche&nical
_eff'ect on mdny parémeteré. As a result it was difficult -to-estabi.ish
.whether the effects were primary or secondary. However, it would be
safe to suggest that the chloropl.a'st_ membrane r_l;ay be . the primary target
site *leading to the array of effects observed.

The results of the bioaccumulation study demonstrate;i that the
octanol wateér Qartition coefficient contributes ﬁirectly to thé upt ake
and bioaccumulation of 8 compound. Nonylphenol biq'ac:CUmulatgd roughly
15X greater than aminocarb in the fronds of Lemna minor. Calmlatéd BCFL» o

-_ values for aminocarb and mny’lpheﬁ;l using equa.tions derived for animal
models in.the literature were much lower than 'the experimental values
‘obtained in the present :study. However, using equations derived for
'plapt models, the experimental values were reasonably close to that
derived theoretically. It‘\e use of K, as a preliminary screening test

. for lipophilic chemicals, may- indicate t.he potential of the compound to

bioaccumulate in living systems. |

Finally_from the data available it seems logical to suggest, that

Lemna minor is an ideal non target,drganiém that should be routinely
-, . ~ .

used as an indicator of pollutioka{ aquatic habitats.
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Appendix (i)

Justification for édoption of 2.5 pg/mL"'f'igure as a measure of

-

field application:
Co‘nvefsion factor = 0.000702 ’.|1/t:m2 = Imp oz/acre
Rational for factor 1 acre = 4.047X107 sq cm
2835 gn=1o0z

Therefore 1 oz/acre = 28.35 ~
: 3.067X107

7X10-7 gm/sq om

0.7 pg/sq om

Assuming density 1.0 = 0.7X10-6 m1/cm2

or 0.000702 pl/cm?
Therefare the amount of aminocarb that should be placed in. the
petr.{ dish (i.e. the amount which will be found following a 1 Imp‘
- oz/acre spraying) is

(7%10-7 mL/cm2). X (63.5 cm2)

441X10-7 ‘mL

= 4.41X105 nL
The minimum amount of water that we need to comp-letely cover the surface -
of a 9 cm petri dish is 15 mL. Then the concentration. in the petri
‘dish is

] .
= 4.41X10-2 al
15 mL

2.93%10-6

2.93 ppm (Since 10-6 = 1 ppm)
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Therefore 2.93 ppm should theoretically -be found in a 'petri dish
containing 15 mL of surface water following 1 Imp oz/acre spraying.

Amir‘iocarbv is generally sprayed at either

52 g a.i./ha N .or 70 g a.i./ha (Z,éac = 1 has
. or -‘2.08 g a.i./acre 28 g a.i./acre | |
= 0.728 oz/acre 0.980z)acre (0.0350z = 19m?_ ’
= 2.10 ppm a 2.9 ppm (1 Imp oz = 2.93 ppm ) |

_These figures average to 2.5 ppm utilized in the present studies.

<
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Appendix (ii)
Several papers have presented equations relating the solubility(S) of a
- compound to its uate;-octénol partition co-efficient (Kgy). This idea
has been taken a step further-to correl;te the Kow:Dr S of a compound
with its potential -to bioaccumulate (BCF) in living organisms. In
ii Appendix the BCF of aminocarb and nonylphenol has been calculated
) from.a.pumber of these previously repdrted equatioﬁs.

Log Kow aminocarb = 1.48 (Weinberger & Greenhalgh 1981)
Log Koy nonylphenol ' = 3.69 (Present Study) or 4.17

‘(McLeese et al 1981)
Solubility of aminocarb. 2000 ug/mL (Mobay report 1979)

Solubility of nonylphenol derived theoretically from Chiou et al (1974)

equation

Kaw S (ug/mL)

3.69 19.80

4.19 ..« 3.46
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Calculated Bioconcentration factors from regression equatibﬁs formulated ' -

for animals

~

Aminoca:b . 5
Equations used ' '“Bioconcentrqbinn fﬁcta}
A _ 8.43
8 0.77
c: 3.6
D 0.32
A log BCF = 10.542 Log Ky + 0.126  (Neely et al 1974)
B Log BCF = 0.935 Log Koy - 1.495 (Kenaga & Goring 1980
C  Log BCF = 0.850 Log Koy - 0.70 ~ (Veith et al 1979)
D Log BCF = 0.83 Log Koy - 1.71  (Ellgehausen et al 1980)

-Nonzlghenol

'Equation used Bioconcentration factor -

Kow = 3.69 ' Kow = 4.17

A | 133 " 262
8 90 253
C 213 . 699
D 23 56



. . ._. \
Calculated BCF factors from

Aminoca:b
E Log BCF

F  Log BCF

NonzlEhenol

Equation

Equation used

- 85 -

= "0.70 Log Kqyy - 0.26

= 4.9 - 0.33Log S

used

regression equations derived for algaé: '

BCF
5.97

724.00

(Ellgehausen et al 1980}
(Korte et al 1978)

Saurce

This study
Mcleese(1981)

This study
Mcleese(1981) .

r

1§
Calculated
* BCF

210
;456

331
6025
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" Gas - chromatograph

respectively.

g = = Y= =
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Appendix (iii)

-

of aminocard, nonylphenol and diluent oil 58S,

»

is]
»

-
0

ARER

1331
4678
287
32834

XF s

ARER =

3.421
12.213
B.541
23.765

y.BA0E E+ B

e D . .- &
L+ 2
e
RT: DTUF RUN

Crned T339A AARUAL JnoECTIoN @ 16153 NOV <y T1%852
AFCA % .

"R ARCA TYVFE ARER A

3o 1o clizi.au Sy L3. 3210

g5 LasTa g vw Sw.0HB

Lada Z3.08¢ Fe 3, J0E

i.m3 RE T Y v el

L. d=cZs Do vy 6.5;3
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