CHAPTER II

Materials
ferrous sulfate were
purchased mical Works. Cobalt

chloride, um chloride, magnhesium
sodium carbonate, zinc

enediaminetetra-acetic

acid were fro emicals . Lead nitrate, magnesium
chloride, manganesé chlo.

chloride, calcium

4

r

sulphate an&jo—sg' < obtaiﬂld from Sigma Chemical

Company. 2Zind #shloride jsJucose, i-potassium hydrogen
a
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Llead and zinc atomic absorption standard

solutions were procured from Aldrich Chemical Company.

Hollow cathode Tlamps of lead and zinc were

obtained from Varian Techtron Pty. Ltd.
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Methods

1. ultivation of Aphano ophytica

The blue green alga Aphanothece

halophytica, provided by Dr. T. Takabe (Nagoya University),

was maintained in Turk Island Salt Solution combined with

Stock Solution

:3g

liters with deionized

water

Stock Solution B: 0,.7H,0 847.0 g and then made up to

1 deionized water

of Stock So]ut1on A was added to 500 ml1 of Stock Solution

B. To ﬁunsq%g ﬂgﬁ w&gf‘m‘idded and the final

volume was adjusted tg 5 11teﬁ:‘w1th de1oa}zed water.

ARIAGAT

NaNO, (75 g/500 m1) 50 ml

KH,PO, ( 8 g/200 m1) 5 ml
MgsO,.7H,0 (15 g/200 ml) 5 ml
CaCl1,.2H,0 (7.2 g/200 m1) 5 mil
Na,CO, ( 4 g/200 m1) 5 ml

Citric acid (1.2 g/200 m1) 5 ml
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EDTA.Na, (0.2 g/200 m1) 5 ml
FeSO,.7H,0 (1.2 g/200 m1) 5 ml

*Trace element A; Solution + Co 5 ml

*Trace e]ement A; Solution + Co contained

the following gram per liter;H;BO,: 2.86;

405e0.08;  MnC1,.4H,0:  1.81;

| @ 0.049

‘ A. halophytica was
prepared by ‘:gf‘item 1.2 at indicated
volume to fivel1i T';ia : k Island Salt Solution and the
pH was adjust ; :"if  “ y adding 2 M NaOH. This
medium can be s .,jwﬁi_;f;h room until the culturing
Culturing was done by
J: b/in? for 15-20 min
}m (after it was cooled
down room temperatﬁre) with stock culture of A.

ha]oghxﬁ%l 8/}16] ﬂaﬁ{] ﬁeWﬁJ ”tﬂ ﬁtock culture is

approxi te]y 10 1) The cu]ture was then placed on a

Sh’i}%ﬂ W NTRIER\GRURG D = roo

tem erature (25-30 °C). The organism was harvested at the

and 1nocu1atfygrtnj8-g.  '

sixth day of growth and used for experiments.

2. Cultivaticon of Spirulina platensis

The blue green alga, Spirulina platensis

isolated from Bueng Makkasan by Duangrat Inthorn, was



"
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maintained in Zarrouk’s medium (Zarrouk 1966) containing

the following components 1in gram per liter.

NaHCO, 16.80
K,HPO, 0.50
NaNo, 2.50

0.01;and Cus
Epe Bg Solution conta1ned the following in g/1;

s B4 AT B T3 s

and Co(NG,),.6H,0: 4.4,
’QW’]MH‘EEU&JW]’JWEH@EI
The medium was sterilized by autoclaving at 15
1b/in?. for 15-20 min. The cultivation of this organism was
10% inoculum, maintained in 500 ml flask on a'shaker with
illumination (840—1720 lux) at room temperature (25-30°C).
The organism was harvested at the fifth day of growth and

used for experiments.
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3. Determination of Biomass
Biomass of A. halophytica was determined by
centrifugation at 7,700 g for 10 min (BECKMAN J-21C
Centrifuge). The cells were washed with distilled water

and dried to constant weight at a temperature of 110°C,

prior to final we‘ighi{iSL H/’p al density determinations at

650 nm using a D (Milton Roy Company)

‘_,
correlated we]/ ! mdr#we\m !Figure 5 T

weight in a 5

4 eta1 Accumu]atlon by A. halophytica and S.

mwﬁummmwmm

4.1 Meta1 Accumu]at1on by A, ha1ophyt1ca

RV RN TE U HEF ) frbesses o

cenﬂr1fugat1on,at 7,700 g for 10 min at 20°C, washed once

with 10 mM PIPES buffer pH 6.5 in 0.6 M sorbitol and then
suspended in the buffer to make a density of cells in the
range 0.15 - 0.22 mg dry wt/ml for the study of zinc
accumulation and 0.41 - 0.46 mg dry wt/ml1 for the study of

lead accumulation. The reaction was started by adding metal
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solution to make the final concentration of 500 ppm for
lead and 100 ppm for zinc into 1 ml cell suspension and
immediately mixing. The reaction mixture was shaken and
incubated for 40 min and 1 hour for 1lead and zinc
respectively at room temperature. The reaction was stopped
by centrifugation at:10, 5@6/9 for 1 min (TOMY SEIKO MC-15A)
and the cells were washed onﬁf’ 1th PIPES-sorbitol buffer.
The cell pe]]efé_uere t ansferredrto another test tube by

rinsing with ;nmﬁf distilled water and dried overnight in

an oven at 1 4 The sample without cells was used as a

The cefj@ were harvested by filtration
AJ fﬂ

through a 20 mi Fony; p1anktogﬁgpt washed and resuspended in

10 mM acetate buffer “pH 5'}119 make a density of cells in

the range Qﬁ 0.37—0.4j_mgfdgyfwt,émé;for the study of lead

and 10 mM stES buffer pH 6.5 to make a density of cells in
the range ofJ0.14—0.18 The reactid; was started by adding
metal golution’ to/make!/a™~final coricefftration of 500 ppm
into 1 “ml1 cell suspension and immediately mixing. The
réactfon| tixture “was lShakeh:aWd incubated ‘for 1 hour and
30 min for‘1ead aﬁdvzinc respectively at room temperature.
The reaction was stopped by filtration through a Whatman
No. 42 filter paper. The cells were washed with the buffer
and dried overnight in an oven at 110°C. The sample without

cells was used as a blank.

017747
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4.3 EDTA Washing

The reactions of cells and metal ion were
performed as described in sections 4.1 and 4.2. After
stopping the reactions, the cells of A. halophytica were
washed once with 1 ml of PIPES-Sorbitol buffer containing
10 mM EDTA and was \' with PIPES-Sorbitol buffer

whereas the cell fT' s were washed once with 1
H

m1 of PIPES buff an1n1 mM EDTA and washed again
with PIPES b? 7 NSNS

arvest éx;dgi]s were preincubated

with 0.1, 1. 7&& DNP and 40 mM DCCD in
4.1 and 4.2 for 30 min.
After the prein ‘}Tr;T_ : ion was started by adding
metal solution anq”p;gcee-f””; Wdescribed in sections 4.1

u56f1uminated at 850 1uk
L i

5 Effect gf pH

ﬂ u E-I ’g WW‘% wmﬂ"ﬁand wetad iomiere

performed as descr1bed in sect1ons 4.1 and 4 2. The pH’s of

8 VATV T T o m wor

buffer and 6.0 to 7.0 using 10 mM PIPES buffer.

4.6 ffect of Catj

The reactions of cells and metal ion were
performed as described in sections 4.1 and 4.2. The cells
in the presence of lead or zinc were contacted with the

cations at equimolar concentration.
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4.7 Effect of Metal Concentration

The reactions of cells and metal ion were
performed as described in sections 4.1 and 4.2 The final
lead concentrations were varied from 50 to 800 ppm. The

final zinc concentrations were varied from 20 to 150 ppm

4.1 and 4.2. The

ange 0.5 to 10 times

A. halophytica and S. platensis were treated

with 1eaﬂﬁﬁi§w2‘|%&]%wgﬂ ﬂ%ections 4.1 and

4.2. The dells were co]1ected and suspended 1n 0.5 M Tris-
- AR Wﬂﬁﬂ%%ﬁ’é%ﬂ%ﬂ i
0.5 MiTris-HC1 pH 7.5 for S. platensis. The cells were then
stained with Erythrosine B staining to determine cell

mortality.

Dye solution consisting of Erythrosine B

0.4 g, sodium chloride 0.81 g, potassium dihydrogen
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phosphate 0.06 g and methyl-p-hydroxybenzoate 0.05 g in
100 m1 distilled water was prepared. The pH of dye solution
was adjusted to 7.2.

Cell suspension was mixed with the dye
solution at a ratio of 4. 5 : 0.5 (by volume). The mixture
was incubated at o ature for 5 min before
observation under i & Only dead cells were

stained by the dye

experiments were with a silicone

compound.

6.1 moval of Lead and Zinc by A.

halophytica

: harvested by
centr‘ifugationjf: 7,700 'aﬂ 20°C. The cells were
suspended in 20 gﬂ metal conta1n1ng waste water previously

filtered ﬁ‘w 'B WB%?W Ej’n‘ﬂ?aper to remove

particles d oils conta?1nat1on The m1xtur%hras incubated
- AR URAIRYA GE e v
Tead nd 3 or 5 hours for zinc removal experiments. After
incubation, the cells were removed by centrifugation at
7,700 g for 10 min at 20°C. The supernatant was directly
measured by atomic absorption spectrophotometer to
determine the remaining metal concentration after removing

the cells by centrifugation. The results were expressed as
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% efficiency which is calculated as follows:

(initial metal concentration - remaining metal concentration) X 100

%X efficiency=

initial metal concentration

The % efficiency shown in the result was the value
that was subtracted \gs Z etal removal in the absence of

cells which m1ght ithe pH effect.

d and Zinc by S. platensis

harvested by filtration
through a -20 , }and suspended in 20 ml
metal containi usly filtered through a

Whatman No.1 ve particles and oils

contamination. incubated at room

iltration through a

rate was prELessed for measurehent
0\ 11501k 1 T cocercion
KOV AENIE 1N 10 )

49 The
Whatman No. . The

7. Reutilization of Cells

7.1 Reutilization of A. halophytica

The cells which had been incubated with

the heavy metals 1in the waste water as described in 6.1
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were washed with 5 m1 of 10 mM EDTA in 0.6 M sorbitol and
washed again with 10 m1 of 0.6 M sorbitol. The washed cells
were resuspended in 20 ml waste water and processed as

described in 6.1.

7.2 Reutilization of S. platensis

‘ )’ which had been incubated with

L -~ ter 2= described in 6.2
3 -#

were washed w‘w o# 10% and washed again with

double distil ells were resuspended

the heavy metal

in 20 ml was ater) and: _ﬁ-esee s described in 6.2.

?j for atomic absorption

] digested with 1 ml

'\ gt '
concentrat?_q\,nitri.c i + ﬁhe sample completely
i .S wel ith double distilled

water, taken to appropr1ate vo1umes, and cooled at 20°C. To

remove ﬂsﬁu ﬁd}%ﬁ%ﬁ%ﬁ@tﬂ ﬁwough Whatman Né

1 filteMlpapers.

Q) AT TR P e
an “Atomic Absorption Spectrophotometer (Shimadzu). The
metal concentration was expressed as ug metal accumulation
per mg dry weight after subtracting the control (Cells
incubated in the same manner but without metaT).

8.2 Waste Water Sample

The method was modified from total metals
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analyses in Standard Methods for the Examination of Water
and Waste Water (American Public Health Association,
American Water Works Association and Water Pollution
Control Federation 1975). Ten ml of well-mixed sample was
transferred to a beaker and then added with 1 ml
concentrated n1tr1c e mixture was evaporated to
near dryness, mahzﬁgb ert t the sample did not boil.

m1 of acid was added and

After the beak

the beaker w glass. The mixture was

4 oy
heated to ¢ f1us _Etionf\QEring heating acid was
added as nec tfiohl_“xas complete. This was
indicated by a Eéaidue. The residue was

dissolved by éo e“trated nitric acid and
slightly warme @H d water was used to wash
down the sample frpﬁ7£he;_,14 - walls and watch glass. The

.
3

w

sample vol ith double distilled

water and an No.1 filter paper to

1nso1ub1e materials that could

‘C1og ﬁﬂ%%ﬂﬂﬁﬁ@ﬂﬂﬁ then ready for

remove s111cate and other

maenzalnInendy

The cells were harvested and 1incubated 1in
waste water by the processes as described in 6.1 and 6.2.
The mixtures were left standing in either 1light or dark

condition.
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