CHAPTER III

did not exhibit 13 2 se an 'ﬂ")a specific growth rate

of 0.34 and 0. a1t v figures 2 and 3).

between optical densities

at 650 nm (ﬁD“» ‘ahd ‘dry wéigh f‘ﬁ_ halophytica and S.
§ s
platensis are 5 “'gures 4 and 5). One

.58 & dry weight/m1 for A.

ha1gghx1:cg gﬁ’?ﬂaﬁnjgﬁ?ﬂiﬁx%mﬁ] %')r S. platensis.
qradrRifEiTnena

Both algae were able to accumulate lead

tndt. of ODss,Dcofre onded

rapidly. The accumulation of 1lead by A. halophytica
increased at a rapid rate in the first 10 minutes and
became saturated at about 90 ug/mg dry weight within 1 hour

(figure 6). For S. platensis, the accumulation of lead
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was a biphasic phase. It rapidly increased in the first 10
minutes after which time the increase was at a slower rate
of 15.6 ug/hr. mg dry weight (figure 7). Treatments of the

lead accumulating algal cells with 10 mM EDTA resulted in

the removal of about 90% for A. halophytica and 30-50% for

S. platensis.

‘he laccumulation of lead by A.
halophytica ' ¥/ f@cté;\“by; all three metabolic
inhibitors Ame Ly o NP NaN,.and DCCD (figure 8).

h ‘accumulation of lead was

nM NaN; (figure 9).

and the rate declined

he . @ lead accumulation by A.
LA :

'jb .5 (figure 10). The
rate of 1eaé‘accumu1at

‘} 4 %ﬁatens1s was unchanged

when the pH wq? in the range of pH 4.0 to 6.5. However, the

rate ﬁ%sﬁjﬁ'}%%}yﬂ% W%J 'q-aﬂﬂ higher than 6.5

(f1gure
’QW”]M@HW 1R Y
A1l the cations tested except zinc did
not have any effect on the accumulation of lead by
A. halophytica (figure 12). Zinc was found to double the
‘rate of accumulation. For S. platensis, the effect of
cations on the accumulation of lead varied (figure 13).

Cobolt and manganese ions were without effect whereas other
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tested ions elicited inhibitory effect. Mercuric ion was
the strongest inhibitor, lowering the normal accumulation
rate by one half.

3.5 Effect of Lead Concentration

The rate of 1lead accumulation by A.

halophytica and S. pl

in solution when c

‘ nded on lead concentration
‘rat.1 __jl,ead were lower than 200

#’ T
and 300 ppm. res 1y‘(f1 es_14 and 15).
] en ity of Cells
- aoc ulation by both algae

;.1

f‘“@ﬂs (figures 16 and

increased with . ing

18) but the efficie lation was relatively
unchanged when the d'éqéd;ﬁ}xé s was up to 4 mg dry

jgure 17). For S. platensis,

the efficiency of J.gﬁd ac'/d 'in was reduced when the

density of c?% <

weight/m1 and "l"j appeared

AL ReREN NS

The a&nhty of lead accumwatwn by A.

2 5% ] RN Y PR fronses o

to 13 days. After 14 days there appeared to be slight

tﬂt afterwards (figure

decrease in the ability of the cells to accumulate lead
(figure 20). The accumulation of lead by S. platensis
increased up to 8 days and stayed relatively unchanged

afterwards (figure 21).
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4. Accumulation of Zinc

4.1 Rate of Accumulation

Both algae were rapidly able to
accumulate zinc. The zinc accumulation by A. halophytica
was a biphasic phase, rapidly increased in the first ten
minutes and thereafﬁg h&‘ rate of increase was silower.
This slower rate‘:Eiﬂncre s found to accumulate zinc
av i T.8 ug/hr
accumu]ationfw;

first hour

f1gure 22). The zinc

i E?ﬁbceased linearly in the

315.6gue/hr.mg dry weight and
%

became satur _ Hou 'Ilrd /mg dry weight within 5
hours (figur l{ i cumulation of both algae

could be washe

,;y@g&ziméﬁﬁghumu1ation by A. halophytica
W Sl

was not ihﬁ% tors; DNP, NaN; and
DCCD (figure“_4). On iﬂ the zinc accumulation

by S g]atens1§ was 1nh1b1ted by all 3 inhibitors at the

corcen s S8 HI YRR 1)

4.3 Eff%gt of QH

ﬂ 17 697) Tl k88 3 AL Beton o o

a1g e were stable in the pH range between 4.0 and 6.0 and
sharply increased above pH 6.0 (figures 26 and 27).

4.4 Effect of Cation

The accumulation of zinc by A.
- halephytica was inhibited by ca?', Co?*, Hg?", Mg?', Mn?' about

48, 12, 54, 24, 43 % respectively while Pb? completely
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inhibited zinc accumulation. On the other hand, K' and Na‘
were not inhibitory (figure 28). For S. platensis, the
extents of 1inhibition by divalent cations were different
from those in A. halophytica except for Ca?' which showed
similar inhibition in both A. halophytica and S. platensis
(figures 28 and 29). For monovalent cations, both K* and Na*

could inhibit the zinc aéi%ﬂy]at1on by about 50 and 60 %

respectively (f1gure 29). #P’

il

e

of Zinc accumulation by A.

halophytica depended on zinc concentration

and reached when zinc concentrations were

above 80 and rﬁSpéptive]y (figures 30 and 31).

kA

en 1by of Cells

.HJ

The ‘tota lﬁivhc accumulation by both algae

= —.-

increased with 1ncpgé;1ng cy ;dens1ty (figures 32 and 34).

However, the rate of zinc acgumn]é3WOn per hr. mg dry
, W
weight decreased with increasing cetl density and

became stab]evafter the cell dens?%y reached 0.5 mg dry

weight/ml “for A. h§1opbxtigg (figure 33) and 0.6 mg dry
weight/m¥ for S. platensis (figure 38).
| 477 “adingleffec ct 1M

The age of A. ‘ngiggnxgigg up to 26 days

did not appear to affect the ability of cells to accumulate

Zinc (figure 36). For S. platensis the ability of cells to

accumulate zinc was independent of the cell age up to 20

days after which the accumulation of zinc slightly

decreased (figure 37).
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5. Determination of Cell Mortality

The cells of A. halophytica were treated with
lead and zinc for 40 min. and 1 hour respectively. The
cells were then checked for the mortality. The cells were
still 1living approximately 71 % and 74 % after treating
with lead and zinc re$ %A’ /y as compared to the control

which showed 87 . 'm . For S. platensis, most
*;:&21? = _,——“ o

afte tr‘g With lead for 1 hour but the
' 1 ?Mg after treating with

cells died

majority of

zinc for 30

B+
}:_‘__."‘- @e " obtained from the Battery
Organization had aﬂgH*ﬂ@tum. 23 and contained 1.549 ppm
of lead. Aﬂ{:% aste jted with Aphanothece
halophytica j:«r 1 _._hour,;,"' : s1’s for 3 hour , the

concentration g,f lead in the supernatant after removing the

cells wﬁ %ﬁ ’}%{] Htﬁ ?WE’] ﬂﬁgaloghxmca and §.

cﬂatensfg'I exhibited 261 «Tiand 34 6% effi ency for 1lead

R @@@ﬂ‘iw T} E!’]ﬂ d

Removal of Zinc from Waste Water -

The waste water samples obtained from
Samart Engineering Co. Ltd. were collected from 2 ponds,
ie., the first one with pH 1.2 and 58.8 ppm zinc. and the
second one with pH 12.5 and 8 ppm zinc. Table 1 showed that

both A. halophytica and S. platensis exhibited a higher
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efficiency of zinc removal at high pH than at low pH.

Furthermore, A. halophytica was much more efficient than S.
platensis in the zinc removal at basic pH. The second waste
water sample obtained from the Waste Water Eradication
Service Center, had a pH of 1.48 with 1881 ppm zinc. The
efficiency of zmc ré@gv#/ both algae was low at acidic
pH with S. %@emg ﬁﬁy more efficient than A.
"1e frdm“ﬁnma;t Engineering Co. Ltd.

halophytica.

with pH 12.5

the pH was >, 9,. 6.5, 4 .and 2. The efficiency of

both algae . és was shown in figure 38.
\

.'Vh§1oghxtica was a more

from the waste water.

At all pH
efficient orga
There was no in iency of zinc removal for

S g1atens1s at 4ﬂﬁ;La§ﬁEEEE%*i range whereas increased

efficiency
efficiency cszinc,cqm@, -esi&for both algae with A.

halophytica hq¥1ng almost 3 imes higher efficiency than S.

uwﬁ&ﬂﬂ?%ﬂﬂﬁﬂﬂﬁﬂi -
amae\m@mamwma&m s

eff1c1ency of zinc removal is shown in figure 39. It
appeared that there was a linear relationship between the
increase in A. halophvtica concentration and the increase

in the efficiency of zinc removal.

Aphanothece halophytica was not available for




Source of Waste Water

pH

Samart Engineering Co. Ltd. 1st pond
2nd pond

Waste Water Eradication Service

1.2

12.5

1.48

% efficiency

S. platensis

A. halophytica

S. platensis

57.9

f

) 4.8

3.8 ﬂl 1626.5

71.5

8.4

1.5

40.7"

13.5

‘ QU ] :
Table 1 Percent efficiency i _ H ; i&n ‘ ) ~t a (1.16 mg dry wt./ml)
e qWTRING IV B TRy

incubated with the waste water for 5 hours and S. platensis (1.37 mg dry wt./ml) incubated with

the waste water for 2 hours.

S9
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S. platensis () at 1.28 mg dry wt/ml were

1ncqbated with the waste water for 2 hours.
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reutilization experiments. It completely lost the ability
of zinc accumulation after washing by EDTA.' This was
reasonable since EDTA washing might remove zinc and other
meté1 cations essential for forming ionic and coordinate
bonds with 1lipopolysaccharide and lTipoprotein. As a
consequence, the 11popol§€2§phar1de and 11poprote1n which
have negative charges, m1ghbfﬁg,re1eased from cell walls

o
(Asbell and qugnv19§6,|664—6?1; Leive 1965, 290-296; Gray

and w11kinson#T§f

,286-399).

atiqp of A. halophytica
-1.-- ..f.""i

40a 74 howed " that sedimentation of
= d .i -~ dr

incubated A. ogh2t1ca knﬁ]ead -containing waste water

occurred faster than. the GQH%PGJ This phenomenon might be
due to thg__coagulatlan——959066§-;Tesu1t1ng from the

neutra11zat1cn of metal ions contajhed in waste water and
from the high ionic strength of w;;te water causing the
decreased'distance of repulsive forcés toward the particle
surfaces. Eventually, .the net—gharge curve, drops entirely

inko the'%tt}active-fofcé»regidh; éna ﬁhe particles are
attracted to each other by the van der Waals forces

(Schroeder 1977, 137-142). Sedimentation of A. halophytica

in lead-containing waste water in dark condition was a
little faster than in light condition. It might be due to
the floating of the cells in the light condition. These

cells accumulated oxygen in their vacuoels which is



69

generated from photosynthesis. However, in zinc-containing
waste water the difference in light and dark conditions was
not observed (figure 40b). Some of A. halophytica might
lyse and die, and the pellet fast sedimented. Other sma11

part1c1es and 1living cells still remained in waste water

and sedimented lat

? I’ : ing waste water, S.
platensis s 1 ian motiontef cells during

incubation

formed floc

floated to t

incubation, t ger size and sedimented

to the bottom igure 4ta). These phenomena

were similar k conditions. In =zinc-

"

containing v;_ =W ..f_-”'_ ....... yomenon occurred but the
floc “of ceijé"‘- siﬁface of the solution
(figure 41b). JTns differe t phenomenon might be due to the

wereﬂumm&m RN Fumres 10, o 21

containingy waste Mater and gi2.5 for zinc

é%ﬂ&%ﬂi&ﬂﬂﬂ nenae
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standing times in light and dark conditions
after incubating the cells with lead
-containing waste water from Battery
Industrial Co. Ltd. for 1 hour (a) and zinc
-containing waste water from Samart

Engineering Co. Ltd. for 3 hours (b).
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standing times in light and dark conditions
after incubating the cells with lead
-containing waste water from Battery
Industrial Co. Ltd. for3 hours (a) and zinc
-containing waste water from Samart

Engineering Co. Ltd. for 2 hours (b).
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