Ouachita Baptist University
Scholarly Commons @ Ouachita

Honors Theses Carl Goodson Honors Program

1-1970

Effect of Trace Metals on Growth Rate of Algae

Gabriel H. Srouiji
Ouachita Baptist University

Follow this and additional works at: https://scholarlycommons.obu.edu/honors_theses

b Part of the Inorganic Chemistry Commons

Recommended Citation

Srouji, Gabriel H., "Effect of Trace Metals on Growth Rate of Algae" (1970). Honors Theses. 550.
https://scholarlycommons.obu.edu/honors_theses/550

This Thesis is brought to you for free and open access by the Carl Goodson Honors Program at Scholarly
Commons @ Ouachita. It has been accepted for inclusion in Honors Theses by an authorized administrator of
Scholarly Commons @ Ouachita. For more information, please contact mortensona@obu.edu.


https://scholarlycommons.obu.edu/
https://scholarlycommons.obu.edu/honors_theses
https://scholarlycommons.obu.edu/honors
https://scholarlycommons.obu.edu/honors_theses?utm_source=scholarlycommons.obu.edu%2Fhonors_theses%2F550&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/137?utm_source=scholarlycommons.obu.edu%2Fhonors_theses%2F550&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.obu.edu/honors_theses/550?utm_source=scholarlycommons.obu.edu%2Fhonors_theses%2F550&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mortensona@obu.edu

EFFECT OF TRACE METALS ON
GROWTH RATE OF ALGAE

Presented to
. Dr. Nix
Professor of Chemistry

Quachlta Baptiet University

.In Partial Fulfillment
0f the Requirements for Honor

Special Studies H 290

by
Gabriel H. Srouji

January 1970

# 25T

oo



EFFEGT OF TRACE METALS ON
GROWTH RATE OF ALGAE

INTRCDUCTION

Heavy metals, although only in tréges, are essential for
all forms of life. They are taken up by the living cell in the
form of cafions, and their uptake is strictly reguiated because
most or all of them are toxic in exceés. A remarkable specificity
has been found: seldom can an excess of one essential metal‘
prevent the damage caused by deficiency of another. In fact, such
an excess often iﬂcrease the injurious effect of‘deficiency.

Metalwbihding substances, many of which function by chel-
‘" ation, form a class of substances which have furnished many use-
ful drugs and other substances of value in selective toxicity.
They are manufactured in huge quantities for this purpose,
particulérly those that are used in agriculture as fﬁngicides.
they funétion by upsetting the delicate balance of trace heavy
netals. Some of them withdraw metals from living tissues, but
many others reinforce, strongly, the natural toxicity of heavy
metal.

Apart from their use as agricultural fungicides, metal -

binding substances have found three types of use in veterinary
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and human medicine. Some are used to defferentiate between
vertebrates and their parasites. Such substances make a valua-
ble contribution to the fight againgt fungi, bacteria, and
viruses. vtners, Wnieh may be describe as antidofes, are used
to distingﬁish between'essential and poisonous metals. The
third type is required to defferentiate between normal and

pathological processes, e.g. in rheumatic diseases, cardiovascu~

lar disease, and cancer.

Metals in the living cell

(a) The heavy metals : copper, iron, lianganese Holybdem-
um, cobalt, and zinc. |

(b) The lighter, and usually more abundant, metals: cal-
cuim, magnesﬁim, sodium, and potagsium.

Copper is probably an essential trace element for plants
but the amount is small and the average soil content of around
10p.p.m. is adequate to supply it.

It was well known that fairly quantities of the element
are inimical to organism but more especially to fungi and algae
hence the use of copper compounds in agriculture. The contin-
ued use of such preparations as Bordeaux mixture on vinesg in
parts of Southern Europe has led apparently to the ground o
beneath them being quite green with copper salts but without:
any deleterious~effeet.It;must“be Observed, however, that sol-
uble copper salts are verry readily adsorbed by organic matter

and immobilized. copper-defficient soils have been recognized
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in some coastal regions such as the 'polders' of Holland, the
everglades'’ of Florida, and certain parts of west and south
Australia. 1n these places plént diseases develop, including
poor cropping of cereals and chlorosis in fruit trees.

Herbivorous animals seemn to-react perceptibly to copper
deficiency and several diseases of sheep and cattle havg been
reported. Only in exceptional cases, as for exémple near the
outcrop of oxidized coppér oreé, deos the soil contain toxic
quantities of copper.

In vertebrate.blodd copper exiéts as a series of copper
prbteins. It is also a oonstituent of -a nunber of enzymes.
It is important in the synthesis of haemoglobin. I'he adult
puman body may contain 100-150mg of copper. Copper is an
essential element in the respiratory pigment haemocyémin in
the blood  of marine iﬁvertebrétes such as molluscs and crus-
taceans. Other specific copper compounds which haye been des-
cribed include turaéin, a copper porpphyrine, in feathers of
some birds, and haemoglobin. Copper probably tends to form’
complex,co-ordinafion compounds with various organic substances
and may be precipitated in such forms in marine muds or sapr-
opels. Subsequent bacterial action may lead to covper sulphi-
deé and even metallic copper and some of the copper of sedime-
ntary deposits- may have originated in this way.

Iron is a vital constituent of the porphyrin enzymes which

are essential for all living cells. Other important iron campounds
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in mammals-are the oxygen-transfer substances haemoglobin and
myOglobin,'fertitin, which transfers iron from the bowel to otﬁer
tissues, and transferrin, which reduces the concentration of the
;ghighly toxic) ferroué.ibns in the blood.

Iron-defiency in fruit:trees causes poor crops. A 501l may
be rich in iron, and yet sc basic that the iron is not available
t@xtne rootlets. EDTA, sprayed on such soil, extracts iron by
forming the EDTA~ferric complex, which'is gbsorbed by the rootlets.
Experiments with tomato plants, grown in aniron-EDTA medium
labelled with 5§Es'ana,wiﬁh 14& in the 2-position of the acetate
group, showed that the glant‘abssr%s~the intact complex, which
ig tramglaaated Later, the organic part is broken down by nmeta~
bal&sm which leaves the inorganic irﬂﬁ. When soil is poor in iron
ferrle EDTA is sprayed on the ground with the same good result.

Galeiumtxin many plants caleium oxalate is found and it has
been suggested that the element acts by removing in an ins@1ubie
form excegs of the oxalice acid which would otherwise pg toxile
t0o the plant. Some caleium is needed #n the protein Bf the ey=-
toplasm and the caleium pectinate which keeps cells %aga%ﬁér as
tissues. The clases of plants ecalled by aéﬁl@giat caleicoles and
~eai§ifuges are S0 ﬁéﬁmaﬁ on aceount of their supposed need for
rejeetion of calcareous so&l The differences are probably in the
main due to different pH requlreﬁenta whleh are mﬁntrell%d by
calcium carbonate and also the physical conditions created in
sueh a soil. Caleium ions could of course be quite readily ab-
sorbed from evaﬂ an acid soil and plants of the caleicode type

are not necessarily rich im caleium.



o
Potassium: This ion appears to be present in the plant in
a so6luble fn@m and may be present in the cell sap in high con-
centration, éﬁgw& is much conflieting evidence, but it may be
that one of the main funetions of the elememt ig to further cat-
slybic setivity in the formation of the starch by the plant.
Magnesium: The particular function of this element @ns%_iiﬁ
in the-iorméﬁien of chlorophyll, the complex melecule of which
eontaine a megnasium atom. There is aleo some evidence of the po-
ssible use of magnesium in phosphorvs metgbolism, particularly in
connexion with ligoid substences.
Green algae are autotrophilic and they are of vast impor-
foed

tance in the economy of Nature as providing a primary
gource for higher organisms. In apite of tneir relative mor-

phological simplicity they are able o elaborate all the cha-
racteristio organie molecules of larger plants. Meny of them
produce oils which are stored as globules in thelr cells. Marine
microalgae are recogniged.as probably the major instrument for
the fixation of carbom inm a form which ultimately becomes lig-
iud petroldéum. Ope of these groups of algae possesses the asbdlity
to_absorb ailice from water té¢§f@&ﬁéﬁ-aﬁmyiag-dhﬁiaﬁai structure

These are diatoms, Diatoms are very numerous in lakes as well as

the ocean and they thrive at rei&tiv&ly'law temparaﬁfafg and 80
are abundant in sub~etretic regions,. The remaiﬁs of diatoms form
an important siliceous depusit~ diatomaceous emrth— which under
aiffgramh'mameéAhasxa great remge of uses. There are also eal-

ecarecus algae which can build up structures simulating coral.
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These have also contributed with their remains to the formation
of limestones. Their seassonal absorption of caleium carbonate
in the case of small.lakes can have the effect of causing pH
variation in the water . In a similar manner there are seasonal
variations in the silicate e@ﬁtamﬁ}@f“iakg waters due to the act-
ivitiesof &iatmméa | | ‘

Aguatic algee of some species such as §pirogyra have the cap-
aﬁiﬁy to remove surprisingly large quentities of elements from
the water in which they grow. It has»heen found that this algae,
growing in a mine wata%‘egﬁtéinimg a total of 16 p.p.m. heavy
metals, contained 2900p.p.m. zine, 6600p.p.m. lead, and 920
%@?«ﬁf ¢ﬁp?ﬁra"it is also stated that a large proportion of the
copper content of certain lake waters is contained in the body
struetures of the piaﬁkﬁsﬁ population.

Iaboratory experiments héve shown that small quantities
of many elements are t@ﬁia to algee, but iron ig the only one
of these tnat ig of importarce in ﬁaxg@a. jostH aigaé ggﬁ%?he&t
when the Te,0s comtent of the water is 0.2-2.0mg. per liter,

and there lg & distinet toxic effect when the amount. of avail-
.'aﬁiﬁ.i?ﬁﬁ:iﬁ over 5mg. Many natural weters have total iron
content of more tunan Smg. per-liter but thnese waters are not
toxie, because of the buffer action of organic compounds or of

caleium salts.
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EXFURLMENT
Object: To Observe the effect or trace meials on growth rate
of Algae.
Procedure :
1= A basic nutrients were added to a trace metals pure water.

The nutrients were:

Na 3 ppme.
K+ 2 ppm.
cat ™ 10ppm.

Mg 4 ppm.
Nog 3PP
4 0.5 ppm.
NHB 0.1 ppm.
2- A variant concentration of copper and iron were added
to the vials containing the growth media:

++

cu o, 1, 2, 5, 10, 20, 50, 100, ppb.

+-+ : )
Fe o, 1, 2, 5, 10, 20, 50, 100, ppb.

5- A small amount of green Algae was added to each vial.
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Gonclusion:

This experiment has shown that algae grows best in 10ppb.
iron and 10ppb. coépér‘ Increasing or decreasing the concentrations
of copper or iron kills the algae. |

An excess of iron is very toxiec to algae. In high concent-
rationg of iron gome.of the algae is completly killed.

It was noticed that an excess of copper is not a&_toxic a8
an excess of iron. \

In some of the high congentrations of copper, copper sulfide

started yrecepitating.

In the second experiment , 20 vials that algae was still
gfeen in them, were taken and added to them different concentratiens
of copper:
041 5 042y 063 4, Oud juvusonusneners 10, Dpm.

no apreciable effect was noticed.
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