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ABSTRACT.

In this research, effects of three metals, cadmium, mercury ahd
anc were investigated on two species of blue green algae, Anabaena
flos agquae and Gloeocapsa. Cells were grown in sterile medium free
of combined nitrogen and under continuous i]1umihat16n. Méta1,ions
were introduced as chloride salts and diffefent‘concéhtrations of
the metal ion solutions were used. Absorbanée and cell counts were
determined for each concentration of the metal ion solution and results
were evaluated in terms of these two criteria.

- Zinc was found to be the most toxic métal for both anabaena flos
aQuae éndvsloeocapsa whereas the other metals showed inhibitory and
stimuTatory effects depending on the Concentratjon‘of the metal ion
solution. This showed that effect of the metal.whether inhibitory or

stimu]atory}is depéndent‘on the species used and the metal ion itself.



OZET

Bu calismada Anabaena flos aquée ve Gloeocapsa isimli mavi yesil
alg tlirlerinde kadmiyum,‘civa ve ¢inko metallerinin etkileri arasti-
rildi. Gerekli azotsuz vasat hazirlandiktan sonra hiicreler bu vasétta
ve siirekli bir ayd1n1atma tertibati a1t1nda bliylitiildii. Degisik kon-
santrasyonlardaki metal iyonlari ortama kloriir tuzlari halinde verildi
ve her konsantrasyon i¢cin sodurum dederleri ve hiicre sayilari be]ir-
lendi. Sonuc¢lar bu ik+ nokta hesaba katilarak karsilastirildi ve de-
gerlendirildi.

Cinko metalinin her iki tlir i¢in de en toksik metal oldudu goriil-
du. Buna’kar$1]1k diger iki metal konsantrasyona badli olarak bir
tiirde biiyimeyi engelledi, digerinde ise hizlandirdi. Bu calisma meta-
Tin bUyUme’Uzerindeki etkisinin kullanilan tire ve metal iyonuna bagls

oldugunu ispatladi.



TABLE OF CONTENTS

ACKNOWLEDGEMENT

ABSTRACT

UZET -

LIST OF FIGURES

LIST OF TABLES

II.

III.

Iv.

WWwww
PN -

INTRODUCTION

Importance of Algae
Classification of Algae
Places Where Algae are Found
Historical Background

—_— ot —
Pwny—~

MATERIALS AND METHODS

2.1 Materials
2.2 Methods

RESULTS

Introduction

Studies on anabaena flos aquae

Studies on Gloeocapsa

Evaluation of the Data for anabaena flos aguae
Evaluation of the Data  for Gloeocapsa

DISCUSSION

BIBLIOGRAPHY

vi

vii

viii

o0 oW~



Figure
Figure
Figure
Figure
.Figure
Figuke
Figure

Figure

LIST OF FIGURES
Effect of different concentrations
Cd metal on Anabaena flos aquae.

Effect of different concentrations
Hg metal on Anabaena flos aquae.

Effect of different concentrations
Zn metal on Anabaena flos aquea.

Effect of different concentrations
Cd metal on Gloeocapsa.

Effect of different concentrations
Hg metal on Gloeocapsa. -

Effect of different cohcentratiohs.

Zn metal on Gloeocapsa.

Effect of different concentrations
Hg metal on Gloeocapsa.

Effect of different concentrations
Zn metal on Gloeocapsa.

of

of

of

of

of

of

of

of

vii

Page
26
28
29
30
32
33
35

36



Table

Table
Table
Table
~ Table
Table
Table

Table

Speciffc
values.

Specific’

values.

- Specific

values.

Specific
values.

Specific
“values.

Specific
values.

Specific
Hg metal

Specific

. Zn metal

LIST OF TABLES

growth rates using absorbance

Cd metal on Anabaena flos aquea.

growth rates usihg absorbance

Hg metal on Anabaena flos aguea.

growth rates using absorbance

Zn metal on Anabaena flos aquea.

growth rates using absorbance
Cd metal on Gloeocapsa. '

growth rates using absorbance

.Hg metal on Gloeocapsa.

growth rates using absorbance
Zn metal on Gloeocapsa.

growth rates using cell counts.
Oon Gloeocapsa.-

growth rates using cell counts.
on Gloeocapsa.

viii

Page

38

39

41

42

44

45

47

48



CHAPTER 1
* INTRODUCTION



I. INTRODUCTION

1.1 IMPORTANCE OF ALGAE

The term "algae" derived from the Latin name for sea weed,
has come to be applied to all relatively simple, marine and'freeh-
water vegetation. Included under “"algae", are the smallest and most
simple of ch]brophy11 bearing orgahisms, the entire plant being a
single cell. Some of these may be less than 1 micron in diameter
| whereas others may be as much as 700 ft in diameter.

Algae are very ancient organ1sms It is believed that they
have been ex1st1ng on earth for more than 3000 m11]1on years It
is Tikely that they have been major sources of oxygen.

Algae are found in different environmehts, fnc]uding soil,
fresh and sea water. Blue gfeen algae, shbject of this research,
are quite important because of fhe role they play in nitrogen fixation.

| ’A1gae play a small but important part in the direct economy
of many countries. ‘It is impossible to assess the full economic "
1mportance of algal growth; in aquat1c hab1tats, algae are part of
the food chain leading to crustacea and.fish; on agr1cu1tura1 land,
they are an important constituent of the soil flora, and in water
supply reservoirs, purification plants and in sewage disposal plants,

they play an important role in oxygenation and filtration.



A1gaé are important indicators of pollution in aquatic habitats,

while under other circumstances, they themselves become polluting agents, 4,1;Vf

for ekamp]e, of chemical plants, fish ponds-and so on; In scientific
work they ‘are used'as assay ofganiéms for vitamins and in the dating
of sedimentary rocks in 0il prospecting.

Uses of algae are so many in numbér that it might be hard to
]ist a]1 of them. As commercial usés, one can list the prbduction of
certain substances 1ike alginic acid derivatives, carrageenin, diétomite,
agar, and funori. Alginic acid derivatives are extracted from Phaeophyta
(Brown Algae) and use of a]ginate§ in industry depends on the chemical
and physical properties 6f these,compounds,}e.g. they afe non-toxic,
highly viscous and readily form gels. Carrageenin and aéar are extracted
from Rhodohpyta (Red Algae) and carrageenin is used in textile, pharmaceu-
tical and leather industries whereas agar is used as a medium in the
culture of bacteria, fungi and other algae. Diatomite on the other
hahd; is extracted from diatoms which contain siliceous cell walls,
and is used in the recycling of water and as an industrial catalyst.

Aigae are also used as fertilizers where the larger brown
and.fed algae are the commonly used classes. Intéresting]y enough,

}in Japan, a glue is made from the marine algae Gloppeltis furcate and
is called funori. _ |

Even thouéh it is only in thg Far.East; algae have been regu-
lar]y used for huhan food. In the Pacific Islands, the raw algae,
usually species of,red‘a1gae, but also green‘a1gae énd brown algae

are added to some dishes.



In.addition to these uses, algae also have,medicina1 useé.

" The Rhodophycaen a]gae'pigenia simplex is made into a drug 1n'Sbuth
China'éna'is of some importance as an‘antihe]mitic. It Has been also
shown that pr&ducfs 6btained from certain algae have antibiotic action
and are used as antibiotics.

Algae play an important role in sewage disposal which is usu-
ally an aerbbic process and the presence of algae greatly facilitates
oxygenation and filtration.

However, the host important role of algae is found in éco]ogy,
through photosynthesiS and nitrogen fixation.. Although one usually
thinks of trees and ofher green plants as the most important sites of
photosynthesis, it is estimated that over half the carbohydrates on
earth is produced by the aquatic microorganisms 1ike bJue green é]gae.
Algae a1§o add chemicals to the-soi]-éfther on their death or by dif-
fusidn from the ce]]s. Well known examples are Cyanophyta which fix
atmospheric nitrogen and thus increase the nitkogen'content of the
soil. It has been shown by Watanab]e [1] that nitrogen fixing Cyano-

phyta supply nitrogén to rice fields.

1.2 CLASSIFICATION OF ALGAE

The organisms which constitute what are commonly known as
"a1gae" are extremely diverse in form co]or; habit and in their
habitats. Because of this great diversity, a classification of
. algae is needed [2,3]. The phyla of fresh water algae and their.

characteristics are as follows:



1. Chlorophyta (Green aigae)

‘Plants unicellular, coTonia], or filamentous; floating,
swimming or atfached and stationary ce]Ts containing plastids in
which ch]orophy]T iS dominant, andin which_thére»is a starch storing
body called the pyrenoid; nucleus definite, cell wall composed of

cellulose and pectose} sexual reproduction.

2. Cyanophyta (Blue green algae)

P]antsAunicellu]ar, colonial or in simple or branched fila-
ments, cell wall thih, a membrane with a gelatinous outer sheath, con-
tents often with false vacuoles which refract 1ight and<ob§cune the
true color of the cells, definite nucleus lacking; asexual reproduc-

tion by cell division or by spores; food storage glycogen.

3. Chrysophyta (Yellow green or yellow brown algae)

Plants unicellular or colonial, rarely filamentous, food
storage-in the form of o0il or Teucosin, wall re]étive]y thick; made

up of pectin with silicon.

4. Euglenophyta (Euglenoids)

Cells solitary, food reserve in the form of an insoluble
starch and fatty substances, nucleus large and centrally located, rigid

cell membrane, vegetative reproduction.



5. Cryptophyta (Crypotomonads)

Cells solitary, fddd reserve-in the form 6f'so]id'starch;,

or starch 1ike substances; reproduction by 1dhgitudina1 cell division.

6. Pyrophyta (Dinoflagellates)

Cells solitary, firm cell wall, food reserve as starch,
starch 1ike substances and o0i1; reproduction by longitudinal cell

division, and asexual zoospores formed in some genera.

7. Rhodophyta (Red algae) -

Plants simple or branched, filaments, food resérve in the
form of floridean starch, thick walls containing pores, sexual rep-

roduction and asexual reproduction in some genera.

8. Chloromonodophyta (Chloromonads) -

Little understood,group composed of a few genera, cells

solitary, food reserve in the form of oils or fats, vacuoles present.

9. Phaeophyta (Brown‘a]gae)

A phylum almost entirely marine, inc]uding the brown sea
 weeds; essentially filamentous (some microscopic) but mostly macros-
copic; food reserve in the form of soluble carbohydrates; pyrenoids

sometimes present.



DeSpite the extreme morphological, cyto]ogica],and‘reproddétive
~variation 1h4the groups of algae, the basic biochemical mechanisms and
pathways appear'to be similar to those éf other plants. For example,
they 511 possess-chlorophyll and have a phdtosynthetic system wofking
via this pigment. The basic nutrient reqUirements-ahd'thé end products
of assimilation, carbohydrates and proteins, are similar to higher plants
~even though the range of carbohydrates is gréater,"Both beﬁéuse of this
similarity and because of thé.interesi in invesfigating p]ants forming
unfamiliar carbohydrates, the algae have been used in many basic physio-
logical problems where the growth of the organisms is facilitated by
1iquid culture. They are now proving equally valuable tools in studying
metabolic pathways since some of the species can be induced to form biof

chemical mutants.

1.3 PLACES WHERE ALGAE CAN BE FOUND

Ecologically the algae are a world wide group occurring on the
land surface, on all types of soil, and on permanent ice and snowfields
"but haying their major center of distribution in the waters which cover
seventy percent of the earth's surface. Here they are the major and
primary organic producers occurring in the form of microscopié phyto-
plankton and as both microscopic and macroscopic. growths along the
boundary between land and water.

Algae may also be classified according to the places where they

can be found.



1. Kryoflora (Snow and ice f16ra)

‘Algae are found in these habitats only where the surface
is stable for soﬁe Tength of time, e.g. on polar ice caps and on per-
manent snow fields in mountains. Both freshwater and marine a]géé‘eXist$
The species are usua]1y un1ce]1u1ar and at least in the freshwater habi-
tat are conf1ned to a few genera, mainly of Ch]orophyta The marine
part is found on the permanent jce around ice‘caps, often coating. the

undersurface of the ice with a brown film due to abundance of diatoms.

2. Aerial epiphytic algae

- Thesé are algal communities dependent dirett]y on rain water
or high humidity for their water supply. This habitat is characterized
by the absence of nutrients other than those in rain and those obtained

by'so1ution of dust and material or from the plant tissues.

3. Aerial epilithic algae

These élgae are found on rock andksfore surfaces which are
relatively stable. On rocks, which receive only atmospheric moisture,
the two spec1es Desmococcus and Trentepohlia are quite common. How-
ever on rock surfaces receiving seepage water from the 50115, d1atoms
and blackish Cyanophyta consisting. of Chroococcus, Gloeocapsa, Stigonama,
calothrix are observed. In general, the four groups of algae found in
the epilithic flora are Cyanophyta, Ch]orophyta, Rhodophyta and Bacil-

lariophyta.



4. 5011‘f1ora

As the name implies, the surface of most501$tsupportsa r%th
é]ga] flora. Frégments of algae are washed to greater depths and remain
“there for long periods, but actiVe]j growing algae are probably bound
to within a mm or so of the surface. Soil algae not only derive nut-
rients from the soil Water, but'also add chemicals to the soil either

* on their death or by diffusion from the cells.

5. Epipelic algae

Thesé algae are found on the sediments Which arérdeposited
along the ]ength of rivers and streams. This'epipelic flora is mainly
composed of diatoms, blue green algae, green algae and euglenoids.
These algae may be growing in streams, rivers,}1akes'or pbnds, each
habitat having some common and different characteristics, due to

different factors affecting the growth»invstatic and running waters.

1.4 HISTORICAL BACKGROUND -

vIt is found‘out that all algae heed'certain elements for normal
growth and proper functioning. However, a distinction must be made
between absolute requirements, i.e. essentiéﬁiy of a nutrient for
growth, feproduction or photosynthesis and normal requirements, i.e.
the}quantity of each nutrient in the cells during active growth. Thus
for chlorella for every 100 parté by weight of carbon the following
are normally required: nitrogen 15,:phosphdr6us 5, magnesium 2.5;

potassium 1.8, sulfur 1.6. The minimum and optimal requirements seem |



to show somé variétions depending .on the species. It has been previous1y
concluded that the elements required by algae were the same for higher
plants. To a certain extent this is true but some pofhts are charac-
teristic of the‘a1gaé.' The basic minerals required are similar, with
the addition of silica for some groups. For instance, sodium is not
generally regarded as an abso]utg requirement for the majority of algae
but Arabaena églindirica was found to require sodium and this-c6u1d

not be substituted by potassium, Tithium, rubidiﬁm or cesium. In

other wprds, sodium is fbund to be an essential element for growth of
Cyanophyta. In addition to the major é]ements éarbon nitrogen, phbsb—
- horous, sulfur, potass1um, magnesium-and ca]c1um, trace e]ements such
as iron, manganase s111con, z1nc, copper, cobalt, mo]ybdenum, boron
and vanad1um are required at least for some algae.

‘Even though certain elemenits are needed in small amounts for
algal growth, they may inhibit algal growth 1f_present above a certain
concentration énd unfortunate]yvcpncentration of meta] jons has increased
a great deal due fo poT]ution of waters. Discharge Qf industrial wastes
to lakes and rivers has increésed the concentration of metal ions a
great deal and these ions ténd to be a;cdmu]ated in the algae énd
other marine organisms which fhen affects the higher organisms in the
food chain. | |

For instance, ésvpart of a larger study’of toxic chromium in
natural waters, an investigation Was made of thé effects of chromium
on several species of algae'and duckweeds from the upper Susquehama
River, New York [4] cultures were madé,from tﬁe material collected

and pure cultures of the following were obtained:
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Palmella mucosa (motile unicellular chlorophyta)

oedogenlum (f11amentous chlorophyta)

,Hydrodlctgton ret1cu1atum (f11amentous colonial ch]orophyta)
Palmellococcus protethecoides (non-motile unicellular chlorophyta)
Lemna minor L (Duckweed) /

Spirodela polygorhize (Duckweed)

Chromium was introduced'as K,Cr0, and the concentration ot chrpmium'used
in the toxicity and uptake ]aboratory stud1es ranged from 0.003 ppm to
10 ppm for the duckweed and O. 01 ppm to 10 ppm for the algae. The
growth of all plants was inhibited by 10 ppm chromium. ~The unicells
declined in cell numbers after tWo weeks; the filamentous forms showed
a loss of weight. Yet a percentage of healthy looking cells and ff1a-
ments » remained among the distorted ones. The duekweeds grew during
“the two weeks but not as much as the chromium free controls. The
effects of ]ower doses of chrom1um were m1xed At h1gher levels of
chromium, the rat1o taken up by the p]ants to the concentrat1on in
the initial medium was not as great as at lower 1evels In all cases
“a large amount of chromium was picked up by the plants. Varying res-
ponses to-chromium were observed by a rangevof e]gée. The duckweeds
showed greater res1stance The p]ants‘had a sighificant capacity to
remove low doses of chrom1um from solution through adsorption which .
might allow some surviving cells to grow and re-establish the popu]a-
tien. | | | | |

Cadmium'uptake by the unicellular gheen algae chlorella salina

cu 1 was studied by Wong and Chan [5]. It has been reported that
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cohsiderab]e inhibition ' of growthlof Chlorella ellipsaidea C27.was |
;observéd when the cfli$‘Were grown in fresh water medium containing .
25 ppm .Cd [6]. However, no significant retardation of growth was -
observed fdr Chlorella salina Cu.l in 5 ppm cadmium contaminated
medium-w{th zero salinity. The cadmium tolerance of Chlorella salina
was surprisingly high so that even in high salf and cadmium contami-
nateq_media, this alga could still survive and grow well. The cad-
mium content in cells which have been cultured in 0.001 ppm cadmium
contaminated medium was 3.9 ppm and in 0.1 ppm contaminateﬁ mediﬁm,
it was 142 ppm. HoWever, the amount of cadmium accumulated was fdund
to be quite d1fferent in. the. presence of sodium chloride. “In 0.1 ppm
cadmium contam1nated medium, the contents of cadmium in the a1ga1 cells
were found to be 124 ppm in medium without added sodium chloride, 25 ppm
in medium with 5 ppt sodium chloride, 18 ppm in medium with 10 ppt
~sodium chloride and only 7.6 ppm in medium with 15 bpt sodijum chloride.
Similar declines were observed for media containing 0.001 ppm, 0.005
ppm, 0.01 pph and -0.05 ppm Cd with differént salinities. This shows
that the alga Chlorella salina Can uptake cadmium to a certain extent
from thé environment containing low cadmium concentratjons. - However
the presence of sodium chloride which is a major component of the
sewage effluent of the érea where the study,fs carried out (Hong-Kong)
can suppress the cadmium uptake by the algal cells and therefore greatly
reduce the amount of cadmium being accumu]atéd in algal cells.

Mercury may also accumulate ih many organiéms. Klein and
Goldberg [7] reported average concentrations in animals from near

La Jolla. California of 0.9 ppm dry weight with a maximum of 21 ppm
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in a cowry. Jones and'SteWart have'done some studies to determine the
mercury content of samples taken from the Tay Region of Great Britain.
The ﬁercury content of certain species of Chlorophyceae, Rhodophyceae

and Phaeophyceae are reported [8] |

Mercury was found to be toxic not only to a1gae but also to
freshwater f1sh. Pan1grah1 and Misra have observed the tox1co1og1ca1
effects of mercury on a freshwater fish, Anabas scandens [9].

Anabas scandens - exposed to mercuric nitrate died in concen-
trations greater than 5 mg/L. However at a 3 mg/L conoentrat1on they
surViVed aTthough‘they showed a variety of pathological and biochemical
disorders. The main clinical disorders such as inappetence and ataxia
appeareddafter five days' exposure. After three weeks' exposure b11hd—
hess was noted in twenty-nine percent of the fish and respiration rate
was considerably reduced. After four weeks a total of seventy-one per-
cent of fish had become blind. Partial recovery of»respiration rate
occurred in all treated fish when they were transferred to fresh mer-
cury free water

A]though copper is known to be an essent1a1 h1cronutr1ent for
algae, most a]gae are extremely sen51t1ve to excess copper. An increase
of copper concentration from 9 to 24-28 ug/L was found to prevent a
b]oom of blue green algae, but the green a]gae developed norma]]y [1o0].
The photosynthet1c product1on was reduced to ejghty percent of the
control by the addition of 0.1 mg/L Cu and f1fty percent by the addi-
tion of 0.15-0.20 mg/L Cu. The growth rate of Spirulina platensis,
b1ue green alga , was more affected by copper than the photosynthes1s

‘of Phytoplankton. Addition of 0 05 mg/L Cu reduced the growth rate
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to about forty pekcent of the control. The rotifers Were'foundvtb_be
less sensitive to copper than the algae, but after‘eight days'equsuré
to 0.5 mg/L Cu or more the population was gfeat]y affected. |

In another study done to determine the effects of copper,
Spirogyra, Oedogonium, Microspora, Mougeotia, Ulothrix and Draparnadia
were used as algal species [11]. ‘Copper was added in the form of
Cu50;.5H20 in such a way that the final concentration of the metal
would be 10 mM and 0.001 mM. The overall effect of increased copper'
Jevels in the medium was to cause a species specific decrease in growth |
at levels above 0.001 mM. Higher copper concentrations in the growth
medium coincided with lower dry Wéights and higher copper uptakes. Among
the algal species, Mougeotia, Microspora tolerated higher copper con-
centrations up to 0.1 mM Cu than the other species and accumulated
less of it. The distribution of copper within the cell wall also
varied betwen the species. In all species with the exception of
Ulothrix, more fhan half of the copper was accumulated in the cell
walls. | |

Lead atvleve1s found in most sea wéter_does not appear to have
toxic éffects in Short,terms.’ However it is easily concentrated by
marine plants and anima]s‘and may -affect mortality rates of animals
when accumulated over Tonger periods of time. The effect of lead Was
investigated on three species of small regularly branched marine red
algae, platythamiion pectinatum, Platysiphonid= decumbens, Pleonosporium
squairulosum [12]. These species were grown in medium containing con-
centration of lead up to 10 mg/L Pb. A larger amount of growth was

obtained in controls and at Tower Tevels of lead than in dishes with
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~greater amounts of lead. No visually observed effects of the added lead
on vegetative morphology or development of’reproductive structures were
observed, although in medium with added lead, these a]gae grew more
slowly. At concentrat1ons h1gher than 10 mg/L Pb, cells became color-
"~ less, and growth stopped within a few days. To more precisely evaluate
the results of’edding 1ead; ce]T division and cell elongation were
measured in Tiffaniella spermothamnion synderae, another species of red
algae. |
Both of these measures of growth were affected in proportion

to the amount of lead present. |

‘ wickel has been reported to have both a stimulatory and inhibitory
effect on algal growth Bertrand and DeWolf [13] have suggested that
nickel may be required for p]ant_growth. Th1s was based on their ob-
servation that cultures of chlorella species exposed to 3 ug/L Ni pro-
duced greater yields than nicke1 free controls. However, nickel has
also been found very toxic to algae, though some species are more
tolerant than others. Stud1es on nickel toxicity indicate that n1cke1
1nh1b1t1on occurs at re]at1ve1y low levels and is var1ab1e ‘Nickel has
‘also been shown to inhibit algal growth when 0.05 to 0.1 mg/t solution
.is present. For some species 0.3 to 0.5.g/L Ni reduces growth by
eighty to ninty percent. Effects of n1cke1 on growth of some labora-
tory algal cultures are summarized by Spencer [14]. Spencer reported
that greeh algae and diatoms were inhibited at lower divalent nickel,
Nit2 concentrations than blue green algae. Growth of Ankistrodesmus
falcatus, Anklstrodesmus falcatus var. acicularis, Pediastrum tetras,

_Scenedesmus quadrlcauda and Navicula pelliculosa Was s1gn1f1cant1y

~
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reduced by 0.1 mg/L Ni. s. dimqiphoué_grew at 0.1 mg/L solution, but
. growth was‘significantly’reduced by 0. 3 m97L and 0.6 mg/L solutijons.
Anabaena flos aquae Was not inhibited until d1va1ent n1cke1 reached

a concentration of 0.6 mg/L and Anabaena. cylindirica was not signi-
ficantly affected by nicke] levels up to 0.6 mg/L. Nickel toxicity
appeared to be related to other environmental factors including the
presence of other metals.

As far as zinc is consideréd, tolerance levels to zinc of
threé diatoms, Skeletonema cosﬁatum,.Thalassiosira pseudonana and
Phasodactylum tricornutum grown in cu]tﬁre in the ]oca1 fyord water
were studied [15]. Declining relative growth rates were observed~
by the addition of 50, 250 and 25000 ug/L of zinc jons, respective]y,
for the three algae. Reduced final cell concentrations were found at
lower zinc levels. The data obtained demonstrated the large differen-
ces in z1nc tolerances of the algae. Skeletonema costatum tolerated.
no more than 25 ug/L Zn in addition to the normal content of the sea
water. While additions of 100 ug/L Zn seemed to have no effect on
the growth rate of Thalassiosira pseudonana which also grew well in
sea water with 250 ug Zn. Cultures of Phaeodactylum t7icornutum grew
well in sea‘water containing 10 mg/L Zn and still divided quite rapidly
upon exposure of 25000 ug/L Zn. Large différences in the zinc tole-
rance were also observed for the two dones of Skeletonema costatum
which demonstrated that this diatom showed significant infraspecific
differences. .

It should be emphasized not only the type of metal is 1mportant

but also the species play important roles in determining whether the
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effect will be toxic or not. Certain metals may be toxic for certain
spec1es, but may not show any toxic effect for others

Eco10g1sts are also interested in the effects of mixtures of
metals since wastewaters contain a combination of metals rather than
one s1ng]e metal ion.

P.V. Dev1 Prasad and P.S. Devi Prasad have co]]ected “three
species of green algae, mainly Ankistrodesmus falcatus, Scenedesmus
obliquus and Chlorocoécum spp. and have studied the effécts of
Cadsium, lead and mickel [16]. CdSO,, PbCl, and NiCl, were used so that
. the final concentrations of the metals were 0.1, 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 5.0 and 10 ppm. Of the three metals tested, cadmium was more
toxic than lead and nicke].Cadmium concentrations of 5 ppm and above
were lethal to Scenedesmus obliguus and Ankistrodesmus falcatus while
10 ppm was lethal to chlorococcum spp- At Tower concentrations, there
was a slightly stfmu]ation‘in the growth of the threé algae. Lead did
rnOt show any stimu]atory effect, at lower concentrations.‘ At 10 ppm,
lead killed ankistrodesmus falcatus and greatly reduced the growth
of the other two algae. Nickel was not lethal to any of the algae
even at the highest concentration used though: the growth was reduced
considerab1y.

Nickel and cédmium, when used together at 0.5 ppm each, gave
more increased growth than when they were used individually. This
trend was reflected in‘the-higher concentration and also as 5 ppm
cadmium was not lethal, when used along with nickel, to ankistrodesmus
. falcatus. A combination qf cadmium and lead at 0.5 ppm each a]so'gave

considerable increase in growth of ankistrodesmus falcatus when compared
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to the control as well as when they were used indiVidua11y. There was
not much Change'ih'the effects_pf lead and nickel when used together
“from their 1ndiviéua1 effects. Chlorécoccum spp. was found to be more
tolerant to cadmium than Scenedesmus obliguus and Ankistrodeshus félcatus,
while lower concgntrations of cadmium werevstimulatory to the,grbwthxof
these algae. Nickel was not lethal even ét 10 ppm to any of the algae
studied. The observed effects of lead and cadhium and cadmium and

nickel were important while no interaction between lead and nickel

was seen.

The effect of a mixture of metals containing arseﬁic, cadmium,
chrom.ium, copper, iron, lead, mercury, nickel, —selenium and zin_q was
investigated on the species Scenedesmus quadricauda, Chloralla pyrenoidosa,
Anabaena flos aquae and Navicula pelliculosa [17]. Primary productivity
and cell humber were the parameters used to test the effects of metal
oh algae. The metal mixture inhibitea about seventy percent of the
“primary productivity of Scenedésmus quadricauda when compared with
the control. In fact, even one tenthAqf,the’concentration decreased
forty percent of the primary productivity of-the algae. Simi]ar ,
results were obtained when cell number waé used as another indicator.
The metal toxicity was found. to be more pronpunced‘at 20°C than 10°C
_or 59C. The relative metal toxicity also véried with different algal
species with the’1imited specieé,~the diatom (Navicula pelluculosa)
was the most sensitive, followed by anabaena flos aquae and a green
alga Scenedesmus quadricauda and Chlorella pyrenoidosa.

In other study by Trollope and Evans, the concentrations of

_copper, iron, lead, nickel and zinc in algal blooms from freshwater
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areas near zinc sme]ting wastés in the Tower Swansea Valley have been
compared with 1eyéls of metals in algae and waters from areas outside
the\vé]jey [18]. The metal concentrations of the blooms were consi-
~dered with respect to: a) Their nature and origin (b) Metal levels-
in the water (c) Algal uptake and concentration factofsr Three areas,
mainly areas adjacent to, near and distant from zinc smelting wastes
were chosen and the algae were composed of species of Chlorophyta,
Xanthophyta and Cyanophyta. .The samples were analyzed for copper,
iron, nickel, lead and zinc. For the three groups; mean metal concen-
trations in the algae were ordered Fe > Zn > Pb > Cu > Ni whereas the
meta1Aconcentrations in the water were ordered differently:distanf
Fe > Zn > Ni Pb > Cu; néar Zn > Ni > Pb > Fe > Cu; adjacent
In > Pb > Fe > Ni > Cu. As far as the concentration factors were
considered; iron showed the greatest concentration factor and nickel
the Towest. Large differences in the range of concentration factors
exhibited within eaﬁh algal group were apparent for metals except Tead.
Wong et.al reported that a mixture of ten metals, arsenic,
cadmium, chromium, cobpe’r, iron, lead, mercury, nickel, selenium and’
zinc, were not toxic to algae if present individually but strongly
inhibited primary production when present together [19]. The primary
, product1v1ty of four cultured freshwater algae, Scenedesmus, Chlorella,
Anabaena and Navicula as well as natural phytoplankton from Lake 0ntar1o
water was reduced by this mixture and the species as well as the natural
phytoplankton was found to Be equally sensitive. The primary produc-
tijon of another common alga, Ankistrodesmus falcatus, was also reduced

by the metal mixture. Apart from the primary production, other
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‘physiological and biochemical indicators such as reproduction, trans-
port of a non- metabo]1zab1e amino acid analogue and nitrogenase acti-
vity were a]so affected by the metal mixture. S1nce the pr1mary pro-
duction technique involved a short incubation time of four hours, the
effect of the metal mixture on a longer incubation time such as rep-
roduction was examined over 28 days on Ankistrodesﬁus falcatus. The
reproduction of the algae was found to be negatively affected by the
presence of the mixture. As far as nitrogenase hctivityjﬁas considered,
nitrogenase activity of Anabaena flos aquae Was jnvestigated and it was
also sensitive to>thevmeta1 mixture. However, in comparison with photo-
synthesis, the nitrogenase activity of anabaena flos aguae Wés found to
be less sensitive to the metal inhibition. | |

| In another'study by Foster, concentrations and concentration
factors of zinc, copper, manganese, nickel and iron in two species of
brown algae, Fucus vesiculosus and Ascophyllum nodosum collected from
an environment in which the temporal variations in dissolved trace
metal concentrations have been intensively studied over several years
[20]. The range»of element concentrations varied for both species.

The concentrations of Ziﬁc iﬁ Fuéus vesiculosus and Ascophyllum nodosum
were found to be very similar as were those of copper and nickel. Inv'
contrast, iron and manganese concentrations were much greater in

Fucus vesiculosus. Concentration factors of zinc, copper and nickel

for the two species sampled during this work‘had similar magnitudes
wh11e manganese was more concentrated in Fucus veszculosus., There

were differences in the degree to which the two species of algae ref—

lected the environmenta] concentrations of heavy metals. The concentration
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of copper in both species-taken from the Straits were.of simi1ér magni-
 tude as werz the elevated concentration in Dulas Bay samples. This
Vobéefvétion éuggested that .either Fucus vesiéulosus or Ascophgllum
nodosum could be used as an environmental indicator to copper with
equal sensitivity. In the case of zinc, the availab]e”concentrgtion
in Dulas water caused a much greater re]ative‘incréase 6nvthe content
of Fucus vesiculosus than ascophyllum nodosum, suggesting the former
as the more sensitive biO]bgica] indicator for'thié element.
It should be noted that the actual effects observed upon treat-
~ment with heavy metal combinations depend on both the algal species
) and the metal combination invo]ved.v.For instance, combinations of
copper and nickel interact synergistically towards the growth of
chlorella [21] while mixture of copper and cadmium act antagonistically
/ towards the growth of Selenastrum [22]. The responée of Anabaera
inequalis towards the combination of mercuric, cadmium and nickel ioh
was found to be dependent on the order of metal addition and the actual
metal concentration involved [23]. The effects of mercuric, cadmium
and nickel ion;, individua]iy-on the grthh, photosynthesis and nitro-
genase activity of Anabaera inequalis have been considered by Stratton
~and Corke [24,25,26].. The response Of Anabaena inequalis towards com-
binatjon of mercuric, cadmium and nickel ibn was found to be dependent
on the order of the metal. Mercuric and cadmium ions interacted syner-
gistically towards photosynthesis and nitrogenése activity, but resulted
in mixed synergism and antagonism towards growth, depending on the actual
metal concentrations uséd. Mercuric and nickel ions interacted in both

a synergistic and antagonistic manner, depending on the metal concentration:
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used,'towards growth and écety]ene reductions but evidenced an additiVe
response to phoposynthesis. Nickel and cadmium ions interacted anta-
gonistically towards all three assay criterié. Tri-metallic ion com-
binations resulted in antagonism towards growth and synergism towardé
photosynthesis and acety]ene reduction. The pre-treatment of cells
with either cadmium or nickel ion protected against the toxicity of
_VSUbsequently added mekcuric jon. Similar results were obtained by
pre-treating cells with either mercuric 6r nické] jons prior to the

addition of high levels of cadmium ion.
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11,  MATERIALS AND METHODS

2.1 MATERIALS
a) Cultures

Original sample of Anabaena flos aguae Was obtained from
U.S. Environmental Protection Agency, Research Laboratory, Corvallis,
Oregon. Gloeocapsa sp. LB 795 was a kind gift from Dr. J.R. Gallon,

University College of Swansea, Great Britain.

b) Chemicals

A1T the chemicaTs used in this experiment were obtained

_from: _.,

Fisher,

Baker,

Merck, ..
Riedel-de Haen .

2.2 METHODS | L

a) Growth of Cultures

Anabaena flos aquae and Gloeocapsa Were grown in 4.5 L of

sterile medium free of combined nitrogen. The medium which was originally



described by Toziim and Gallon [27] had the following composition
(umo1/L). . NaCl, 2000; MgSO,, 150; MgCl,, 145; CaCl,, 190; K,HPOy»
100; Na,HPO,, 100; FeCls, 95 H3B03, 63 MnClz, 65 ZnClzs 33 CoCls,
0.08; CuCl, 0.0008; MoD;, 0.13NasEDTA, 20 and its pH was adjusted
to 7.5 by the addition of solid NaHCO,.

Cells were grown in 6 L Er1enmeyer flasks undef_CohtinuouS
11unination of 2500 Tx at 259C. The cells were bubbled continously

with air at a flow rate of 0.31 /min/L of cells.

b) Metal Assays With Intact Cells of

Anabaera flos aquae and Gloeocapsa

375\mL of medium was introudced into each of 5 500 mL

Er]enmeyer‘f1asks. Then aqueous sglutions of CdCl,, HgCl, and InCl,

were added 1nAsuch a way that the final metal concentrations would
be 0.2 M; 0.02 M, 0.002 M and 0.0002 M for_Cd'and Zn and 0.02 M,
0.002 M, 0.0002 M for Hg. Flasks were inoculated with either
anabaena flos agqua Or Gloeocapsa after being sterilized in the
autoclave by'Precision Scientific Co., at 121°C and 15 1bs/sq.in.
Then flasks were maintained at 25°C and air was bubbled

through eéch flask. Experiments were run for 17 days with samples

23

being taken from the fifth day on, considering the day of inocu]ationA

as zeroth day.

5 mL samples were taken from each flask and % Transmittance
values were measured at Carl-Zeiss Spectrophotometer and Bosch-Lomb

Spectrophotometer at 600 nm. These transmittance values were then
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converted to absorption and in A values were plotted against time

(days).

c) Cell Count

" The number of cells in samples removed from cultures of
Gloeocapsa was determined‘by counting in a Thoma haemocytometer
obtained from Great Britain. The values obtained are the means

of at least two>" determinations.
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111, RESULTS. .

'3.1  INTRODUCTION

Studies done so far show that metal ions affect the growth
of organisms if they are present above a threshold concentration.
Taking this info consideration, we decided to investigate the ef¥
fects of Cd, Hg and Zn on Anabaena flos aquae and Gloeocapsa.
These two species were specifically chosen because no similar studies
have been done on them. So effects of three metals, cadmium, mercury
and zinc were tested on these two species. Each metal tested had
different effects on.the species.tested} This was expected because
the effect is very much dependent on the nature of the species and

the type of metal used.

3.2 STUDIES ON ANABAENA FLOS AQUAE

Takiﬁg Anabaena flos aguae .into cohsideration, cadmium was
found to be the least toxic. Stimulation waé observed with cadmium
except for 0.2 M cadmium solution. Refer to Figuke 3.2.1. The |
curve for 0.2 M cadmium solution is below that of the blank except
for the last 2 days which shows cadmiumvprésent in this amount in-

hibits the growth of Anabaena flos aquae. Although an inhibition

BOGAZICH UNIVERSITES! KifTiiod
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Figure 3.2.1 Effect of different concentrations of Cd
- metal on Anabaena flos aguae. -

Each pt is the average of: four sets.
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_was observed with 0.2 M cadmium solution, the other concentrations
- showed a different effect Curve for 0.02 M cadmium soiution is
almost the same as.fhe curve for the blank and curves for 0.002 M and
Q.OOOZ M cadmium soiutions are abovevthe curve for the blank. ~This
shows that cadmium when present at a 0.02 M concehtrafioﬂ has no
effect on the growth of Anabaera flos aquae, but when present at
0.002 M and 0.0002 M concentrations, stimu1ates.the growth of cells.
| More interesting results were obtained with mercury and zinc.
- A11 concentrations of mercury exhibited inhibition upto the 12thfday;
but inhibition stopped after this day. Results are shown in Figure |
.3.2.2. It is t]ear from the graph that curves for all concentrations

of mercury are below the curve for the blank upto the ]Zth

day, but
after the ]Zth day, they become similar to that of the blank.  This
implies thét'inhibition ceases affer a'certain time.

| As far as zinc was considered, all different concentrations
used had toxic effects on Anabaera flos aguae. As it is clear from
Figure 3.2.3,0.2 M zinc solution was found to be the most inhibitory

whereas 0.0002'M zinc solution the least jnhibitory. The other con-

centrations 1ie in between these two extremes.

3.3 STUDIES ON GLOEOCAPSA

When these metals were tested on Gloeocapsa the resu]ts were
different. Cadm1um, when tested on Gloeocapsa, for 1nstance, showed
slightly different effects. Results for d1fferent concentrations of

cadmium are shown in Figure 3.3.1. Curves for all concentrations of
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cadmium are below the curve for the blank upto a certain.day, but go
above'it'after.this day. 0.2 M cadmium solution inhibited upto the _
fourth day and started stimulating on the fifth day whereas the

th

other concentrations started stimulating on the 12°" day. This

shows that all concentrations of cadmium.exceépt, 0.2 M showed inhi-
th ‘

tory effect on the growth upto the 127 day, but this inhibition

stopped and the meta] turned out to be st1mu1atory after the 12 th
day. However, 0.2 M cadmium solution had the most st1mu1atory effect .
all throughout the experiment.

No inhibition was observed with mercury. Results obtainéd
for~different concentrations of mercury are p]otted.in Figure 3.3.2.
As it can be seen from the graph,,the.curvesbfor all different éon-.
centrations of mercury‘are above the curve for the b]énk which is
an indication of stimu]ation by‘the metal. By looking at the graph,
one can say that mercury, when present at a 0.0002 M concentration |
‘seems to have the greatest stimulation.

| Zinc, on the other hand, showed inhibitory and stimulatory
effects at the same time. Results for different concentrations of
zinc are plotted in Figure 3.3.3. Curves for all concentrations
tested are below the curve for the b1ank upto'the 12th day, but
they become similar to it aftér this excebt 0.2 M zinc solution.
This shows that when zinc is present in thése amounts, it inhibits
the growth upto the'lzthAday, but inhibition stops after the lzth
day, except for 0.2 M 2inc solution. 0.2 M zinc.solution however,
always inhibits the growth. 0.2 M zinc solution seems to have inf

hibited the least upto the eighth day, and after.theAninth day, 0.2 M

zinc solution inhibits the most,_as expected.
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Besides absorbance values cell count was determined for the
growth of q;og?gapsg in the presence of_mercury and zinc metals. .
Even though there are ho_ce]] counts for‘any of the metals onlh
Anabaéna flos aquae, results using cell counts are quite §imi1ar to
those obtained using In A values. For mercury and zinc in éloeocapsa
it should be pointed out that even though there are data of cell counts
starting with Gloeocapsa; there are no data available for cadmium on
Gloeocapsa because of experimental'reasons.

Results using cell counts fqr mercury are shown in Figure
3.3.4, when compared with the blank it is observed that there is an
increase in cell number, 0.02 M mercury solution gfves a curve which -
js very similar to that of the blank with very slight inhibition,
though. However, the curves for the other two concentrations, main]y
for 0.002 M and 0.0002 M mercury solutions are ébove the blank curve
which again shows that there is stimulation of growth. 0.0002 M mer-
cury solution seems to be stimu]atﬁng mbre'which is also true for the
results obtained using In A values.

Results again using cell count for zinc are shown in Figure
3.3.5. 0.2 M zinc solution inhibited the growth which is also tfue
for In A case. Curves for 0.02 M and 0.002 M zinc solutions are below

the blank curve upto the 12th

and seventh days, fespective1y, but then
they go above the blank. This shows.that 0.02 M and 0.002 M zinc solu-

. tions inhibit the growfh up to a certain day, and then start stimulating
it. Curve for 0.0002 M zinc solution is always above the blank curve.

So this implies that the meta].stimﬁ]ates when it is present at a

0.0002 M concentration.
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3.4 EVALUATION OF THE DATA FOR ANABAENA FLOS AQUZE.

In addition to In A values and cell courits, results were also
compared using specific growthvrates. Specific growth rates (u) were
determined by sUbstituting growth measurements (absorbancé or cell |

count) in the formula [28]

In(x{/x.)
1
u:—-————o-
Hhot
where X = growth measurement at time to
X = growth measurement at time t].

In spite of a few contradictions, résu]ts obtained using specific
growth rates are quite similar to those using In A and cell counf. For
instance, when the specific growth rates of cadmium on anabaena flos
aquae (Table 3.4.1*) are considered, it can be observed that Specific

th and 16th

growth rates for different concentrations betWeen the 15
days are all higher than the specific growth rate of the blank and
this shows that there is stimulation after the 150 day. 0.0002 M
cadmium solution has the highest specific growth rate, D.DOZvM cadmium
solution néxt_highest and so on. A1l of theée are quite valid for In A
caSe because the curves for different concentrations of cadmium were in
the same order as the specific growth rate values.

When the specific growth rates of mercury are considered,

(Table 3.4.2), it is observed fhat all the specific growth rates for

different concentrations are lower than that of the b}ank between the

th

12"" and ninth days. However, the growth rates increase for all con-

th th

centrations between the 12~ days./ This shows that there is

andﬂ13

A]] the values in the tables are the average of four values except
the Tast two tables. _
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th

inhibition by'all concentrations of mercury upto thé'12 day, but -

this inhibitjon stops and even stimulation starts after this day.
..These resu]ts are again cons1stent w1th the ones obta1ned with Tn A
values. In ]n A case, 1nh1b1t1on was observed for all concentrat1ons
th
2

upto the 1 day, and curves had become similar to that of the blank

; Specific growth rates of zinc metal are given in Table 3 4.3.
”ﬁQ; “should be pointed out that no general trend is observed with the
results obtained from specific growth rates. The growth rétes are
sometimes higher and sometimés_]ower than the blank. Considering In A
values, all -the concentrétions had toxic effects compared td the blank
0:2 M zinc solution was the most inhibitory and 0.0002 M zinc solution

the least inhibitory, but such a regular trend is not observed in

specific growth rates.

3.5 EVALUATION OF THE DATA FOR GroEocaPsa |

Specific growth rates were also calculated for Gloeocapsas,
using absbrbance-and cell counts separately. Growth rates for cadmium
are given in Table 3.5.1."By looking at‘the specific growth rates, one
observes that the rate for O.é M cadmium solution is lower than the
blank between the fifth and sixth days, but is higher between the
sixth and seventh days.

Specific growth rates for other concentrations are found to

_.increase after the 14th d ay. Th]s shows that 0.2 M cadmium inhibits

the growth upto the sixth day and then starts stimulating on the

seventh day. Other concentrations start stimulating after the 14N
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day. These results are quite.consistent with Tn A case because results

obtained using Tn A values showed that 0.2 M cadmium stimulated after

th day.

So both of these results show that 0.2 M cadmium solution inhibits at -

the fifth day and other concentrations stimulated after the 12

the very beginning; but it then stimulates whereas others start stimu-
lating-after a longer time.
| Logical results are obtained for mercury only when haXimum

specjfic growth rates are considered rather than specific growth rates
(Table 3.5.2). A]] the maximum«grthh rates are higher than the maximum
growth rate for the blank except for 0,02 M mercury solution. This |
shows that mercury when present at 0.002 M and 0.0002 M concentrations
respective1y; does not inhibit the growth, but in fact stimulates it.
When the results obtained using growth rates are compared with the ones
using_]n A, it is found out that'they are in good agreehent with each
other except for 0.02 M mercury solution. In In A case, no inhibitioh-
was observed for any of the concentrations. The only contradiction,though,'
COmes'fromuthe:0.2MtSO1Utﬁoh: The maximum specific growth rate for the -
0.02 M solution is lower than the blank, but it js.not found to be
inhibitory in the 1n A case. | —

Specific growth rates for 2inc 6n Gloeocapsa are liéted in
Table 3.5.3. Cbmparing maximum specific growth rates rather than
specific grOwth rates, one observes that the maximum specific growfh
‘rates for all concentrations are higher than the blank except for 0.2 M
zinc solution. This shows that there is inhibition by all concentrat1ons
- eXcept for 0.2 M zinc solution. This is consistent and contradictory

at the same time with In A values. Lower maximum speci?ic growth rates
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imply'that there is- inhibition which is also true for 1n A case. Also

in A curves and specific growth rates arehquité close to blank between |

the 128" ang 13N

‘days. However, 0.2 M solution is found to be inhibi-
tory in n A case, but it has stimﬁ]atory effect as fér as maximum
specific growth rates are considered. |

.' Specific growth rates wére also calculated using cell counts
wherever'cell counts were available. For instance Table 3.5.4 shows
the specific growth rates using cell counts for mercﬁry on Gloeocapsa.
Results are hot very consistent with ce]].count curves, though comparing
maximum specific growth rates, 0.02 M mercury so]ufion has a maximum
specific growth rate higher than the blank, 0.002 M solution equal to the
blank and 0.0002 M solution lower than blank. According to these results
0.02 M mercuryvsolution seemé to be stimulatory and 0.0002 M so]utibn
seemS'td be ihhibitory and 0.002 M solution is not affected at all.
However, cell count curve for 0;02 M so]utioh was close to the blank
with s1ight inhibition and the cell count curves for other concentra-
tions were above the b]ank cukve. |

Specific growth rates using cell counts for zinc on Gloeocapsa

are given in Table 3.5.5. Maximum specific‘growth rates for all con-
centrations of zinc are Tower than the maximum specific growth rate
for the blank. Comparing the results with the cell count curves, one
sees thatAthey are quite consistent except 0.0002 M solution. The curve

h

for the 0.02 M solution is below the blank curve upto the 12t day, but

h day. Specific growth rates for

0.02 M solution are higher than the blank between the 12th h

it goes above the blank after the 12t

and 13# vdays.
Curve for 0.002 M solution is below the blank upto the seventh.day, but is.

above afterwards.
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IV, DISCUSSION

Of these three metals tested, zinc was found ‘to be the:most
toxic. This can be inferred from the fact that there is 1hhibition
for all concéntrations of zinc whereas théré’is ihhibition for only
one concentration of cadmium all throughout the experimeht and in-

h

hibition for all concentkatiohs of mercury upto'the ]Zt day,'and

h

stimulation after the 12t day. The order of toxicity for anabaena

flos aéuae is as follows.

Zn > Hg > Cd
(the most toxic)

of the three metals tested on Gloeocapsa, mercury was found to be the

Teast toxic.
Zn - Cd > Hg

No inhibition was observed for the different concentrations of mercury.
Cadmium and zfnc are almost similar in toxicity strength with zinc
being a 1ittle more toxic. Since there is no inhibition by any of

the concentrations of mercury it can be considered thelleaét'toxfc. .
| Comparison of cadmium and zinc shows that both metals inhibit at the

h

different concentrations upto the 12t day, but the difference in
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toxicities comes from the 0.2 M solution. Even though there is inhibi-
tion upto the 12N day for both metals, 0.2 M cadmium solution st1mu]ates
all throughout the experiment whereas 0.2 M zinc solution inhibits all
throughout the experiment. This is why zinc is a Tittle more toxic than
cadmium.

However, it should be pointed out that the order:Of toxicity
for both species is based on different concentrations used, but exclu-
ding 0.2 M mercury solution. ‘This specific concentration had to be
omifted because of sq]ubi]ity problem. Preparation of a stock solution
from which 0.2 M solution would be prepared required iarge amounts of
water'and chehica]'which was thouéhf to be not very practical. IfFO.Z‘M
mercury solution had been tested, slightly differeﬁt results might have
been obtained.

The results obtained are in quite good agreement with the results
of studies done so far, but of course there‘are slight. - variations due
.to different species and different metals used. It is really hard to
obtain exactly the éame results because different species react dif-
ferently to the same metal.

In spite of all these differences in species zinc was found to -
be the most toxic for both species. Ordér of toxiéity for anabaena flos
agquae: (most toxic) Zn > Hg > Cd. Order of toxicity.for Gloeocapsé:»
Zn > Cd > Hg (least toxic). |

Previous studies show,thaf on an average, the relative growth
rates of the algae tested decreased upon increased zinc content in the
sea water [15], reduced re]afive growth rate being observed at and -

above 50, 250, and 25000 ug/L zinc for Skeletonema costatum, Thalassiosira
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pseudonana and Phaeodactylum tricornutum; The effect of zinc on the
’a]gae becomes clearer when not.anly the growth rate in the early expo;
nentia]‘phase, but also the total developmenf of the CU]turés‘are
considered. The Tong term effect ofvthe exposure to increased levels -
of zinc was, therefore, more serious than that expressed by the gfowth
rate. - |
'Andther study also shows that zinc is accumulated in the greatest

amount in a freshwater algae [18]. Mean metal concentrations, in the

algae are given as:
In.> Pb > Fe_> Ni > Cu

for the blooms.
Mercury was found to be of medium strength in anabaena flos
aguae, but the least toxic in Gloeocapsa. Mercury inhibited the growth

N 4ay, but then started stimulating -

of Anabaena flos aguae upto the ]ét
it, but it did not inhibit the grthh of Gloeocapsa at all. Inhibition
upto a certain day and then stimulation is observed for cektain'conf
centrations of metals all throughout thé experiment. This might be
.exp]ained by thé factrthat'growth reaches a maximum around the 10th
day and theh stays conStant.‘ So if the ﬁeta] is to have a stimulatory
‘effect on the-gerth,‘it starts affecting the growth when it is con-
sidered as constant.

The reason why mercury is of medium strength in toxicity might |
be related to its volatility. Since it is vo]atiie, it might have
evaporated and the amount of actual metal ion to be'tested might have

been reduced.
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Cadmium was found to be the least toXic-for Anabaena flos aquae
-whereas it was qu1te toxic (almost of equa] toxicity as zinc) for Gloeo-
capsa. Cadm1um is. found to be less toxic in the presence of sodium ch]o-
ride [5] but this concept can not be used to explain the toxicity of
cadmidm in this experiment}since the medium for anabaena flos aquée‘and
also for Gloeocapsa contained appreciable amounté of sddium chloride.
This different behaviour is again related to the fact that certain
species are more tolerant to certain meta]s [16]. This shows that
Anabaena flos aquae was more tolerant to<cadm1um compared to Gloeocapsa.

A]though some conc]us1ons can be made based on the results of
1nd1v1dua1 metals used, the effect of a mixture of these meta]s might
‘have also been investigated because the effect of the same metal might
be very different when used together'With other metals. Certain meta]s
might have antagonistic or synergistic effects when used together. For
instance when cadmium and nicke] afe used in combination, ;hey seem
“to have interacted antagonistically as the stimulation of growth at
Tower concentrations was more and the toxicity was reduced.at higher
concentrations when compared to their individuaireffects [16].

| EXperiments could have also been‘carried out to determine the

effect of the metal ions not on1y added as a mixture, but also in some
order because order of metal addition is also found to be an important
factor [23]

Interestingly enough, when cadm1um was added prior to mercury,
marked antagonism was observed between the two metals as Judged by all -
growth criteria [23]. This effect might‘be explained by a competition

for binding sites. So metal combination (mercury and cadmium in the
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same order) might have been tried on both anabaena flos aquae and Gloeo-~
capsa and resu]ts might have been compared. Whether or not the same
resu]tslwi11 be obtained, is of course, not predeterminéd,.but is opén
to further research and investigation.

Effect of different metals might have also been determined for
different pH ranges and temperatures, but of course this requires more
sensitive experimental techniques and might be more difficult.

: BaSéd on these studies, several important conclusions can be
made. Firstly, studies on metal interactions should take into acéount
the fact that the response obtained depends on the order of metal addi-
tion. Conclusions are better if a mixture of metals is considered. Se-
condly, the test criterion chosen is very important. "In order fdrkstu-
dies to be conclusive, metal combinations should be tested for. their
toxicity towards asbmamy criteria as ﬁossib]e; Thfrd]y, the concentra-
fion of metals used and the species chésen mhst be given importance.

In other words, it should be emphasized that different.species will
behave différehtjy in the presence of a éeftain meté] or a combinétion

of metals.
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