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Industrial Waste anageaent in Japan -Landfill Leachate Treatmenti-
Dept. of Apptied Chemistry and Biocheamistry.
Faculty of Engineering. Xumamotlo University
Kenji Kida
1. Introduction '
' ~ Host indusirial wastes in Japan are dlsposed of in lardfills and are wsvally
~ pretrealed by . processes such ‘as incineration for reduction of voluwe. Owing to
~expansion of economic-aclivities, the amounts of industrial vastes are increasing
yearly and are consequently being disposed of by sea- dumping as vell as Iandfnlilng.
The amount of waste disposed of by sea-dunping reached 4,550,000 tons in 1991 and
Japan has been the leading coustry for total asouat of sea-dusping. However. due {o
~ the London Trealy which inhibits ‘sea-dumping, this practice has been terminated in
Japan since 1996. Therefore, recenl research has focused on recycling and development
of processes 1o decrease the amounis of wastes belng prodsced.  These activities have
“resulting in consortluns such as Clean Project which. is dedicated -to decreasing
- industrial vaste volumes. = Hovever. on-going research has far from solved the problen
~and. in particular, effective processes for treatment and disposal of organic sludge
from ‘waste water treatment facilities and municipal serage works have yel o be
established. ' Presently. uswally afler dehydration, organic sludges are disposed of
by !andflllrng and the ralio of orgaric matter lo apmoniue jon in leachate is getling
higher. As a resull, il is becoming increasingly dlfflcult o ireat Ieachate by
conventional aclivated sludge followed by coagilation arg: sedlnentallon Research
“addressing this probiem has been” initiated in our laboratory in an. effort Lo develop

biological treatment systems. vwith a focus on anaerchic processes, .lhat w:ll be:: o

effective for such leachales. :
_ ~In this syoposium, firstly the following 1iels will be: addressed and lhen ‘
results of current work related to leachate: treatment wi{l be shown:
‘a) The present state of industrial vaste disposal in Japan
‘b Trealeeat of leachale and related problems -
¢ -Influence of mineral mitrients on- enhanced performance of methare
fercentation

d) Treatment of high-strength Ieachate by blologlcal processes such as
gethane fermentation

2. The preseni state of |ndustr|a| waste dlsposal in Japan -

As shown in Fig. 1. the annual productlon of 1nduslxzal wasle in. Japan -

increased unlii 1990 and then ieveled of f. Fig. 2 demonstrates that faw places remain
available: for landfilling, though the years remaining for-use of landf:lls has been
increasing ‘since 1999 accordlngly the' Japanese governmeat and other concerned
parties hive made efforls to reduce industrial waste volumes by recycling as much as

possable Figs: 3. 4. and 5 are shown io exenplify that recycling percentages of
- paper., steel. alusinua. etc. are on the increase.
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Industrial vastes are divided into threc groups as shown in Table 1: Group 1
consist of cainly inorganic matter. Group 2 is organic matter, and Growp 3 is acid
vaste and alcaline waste etc. Also, there are three types of landfills: inorganic
vaste landfills (pertaining to Group 1| . above). organic waste landfitls (Group 2),

“and hazardous waste landfills (Group 3). Furthermore, there are two reasons why it is
very difficult to get nev spaces for tandfills which is of particular corcern due to
the fe¥ remaining years for- landfill use as shown in Fig. 2. One reason is the

- practice of -illegal dumping and the other is opposition of locgl residents. It is
inperative that industrial waste reiated problems in Japan be solved in order to

saintain economic grosth. - Not only {s severe punishaent for illegal disposal

- > required bul establishwent of mare reliable treatment and disposal technologies are

: necessary Educating the publlc to such 1ssues may also play an important role.

+ 3. Treatmeni of leachate and related problems

Organic wastevater vith biochemical oxygen demand (BOD) concentrations of
about 1.000 82 /¥ chemical oxygen desand (COD) concentration of about 600 mg 7' is

“eluted  froz organic vaste landfills. This drainage, also cailed leachate, is

generally treated by an activated sludge process folloved by coagulatlon for removal

_ or color yleldzng contaminants as follows :

S . . activated sludge—— . :
Leachate — plil adjuslment——{A_ coagulatlon —?
' - o rotatlng bxoioglcal
conlactor

f-s sand filter ation - effluent

The qualnty of effluent (mg J') is genera!ly BOD 20 SS 20 and IS allowed to be ﬁ
d;scharge into natural water bodies. o

However, as noted above, sea- dumplng of organic sludges vas prohibited as of l
Janvary 1996 and mosi of these sludges: are now disposed of at organic waste landfills. .
This has resulted .in an increase in the organic component of landfilled industrial
vaste. This has been complicated by the practice of restricting rain water input in
an attenpt to reduce leachate voluzes. As a resuli. not only levels of organlc matter
bul ammoniua ion concentralions as well are increasing.

This high strength: leachale. “however, is still largely - being treatlng by
traditional- systems as described. abave and - thus it is very difficult to produce
- efflueats suitable for discharge to natuyral water bodies. Prior to, d:schargnng into a
ratural -receiving vater; leachate treated by activated sludge and coagulation must
also be treated by an activated carbon adsorption process.” Complete costs for such a
- treatment train can be more than ¥ 10,000 per cubic meter of leachate. Furthermore,

~in areas vith strict nitrogen reguiations, asacniva ion cust also be removed. Due to
' these Droblems nore effective treatment systems must be developed.

4. lnfluence of mineral nutrlents on’ enhanced perforamance of methane fera entation.
-{n general. hlgh strength vastevater has been treated by methane fermentation
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folloved by activated sludge to produce the effluent suitable for - vater course
discharge. Accordingly. leachate with a high concentration of organic matter has to
" be firstly treated by methane fermentation instead of activated siudge.

In anaerobic treatment by methane fermentalion organic matters with a high
polecuiar weight are firstly hydrolyzed and ihen converted to aliphatic acid such as
butyric. propionic and acetic acids as shown in Fig. 6. C0p and Hy generated during
anaerobic treatment are reduced to methane via Cl cycle and aliphaiic ‘acids are also
- reduced to methane via acetic acid.

- When the distillery wastevater vithout SS was treated anaerobically. dllutlon _
of the distitlery vastevater was found t¢ be necessary. A maximum TOC voiumetrlc
0 joading rate of 10 g 7-! a1 sas ‘achieved only in the case of five- fold dilution of
* the vastedater. This appeared to be due to the accusulation of propicnic -acid during

" the anaerobic trealment. The reaction that converts

s "
: . 2 2%
: HIGH .
- COMPLEX ORGANIG CH,
OAGANICS acios . pas g
- 1 2%
2% Jacemc
ACIO .
 HNDROLYSIS . . ACETOGENESIS ANO  METHANOGENESIS
AN ACIDOGENES!S DEHYDROGENATION

“STAGEL . : " STAGE2 - STAGE 3

' Fig. 6 The threa élages of the methane fermentation.

propionic acid lo acetic acid requires considerable: energy, since '6% is greater than
“zero ('Y >0) at a partial’ pressure: of: Hy of amore than 10°5 ata (HaCarly. 1982).
- However.  Co- culture techniqies with Hg coasumers, such as methanogens.: may result -in
react|0n rate |mprovement (Boone, 1980).: It is well ‘known that metal enzymes are
" involved in the palhyay for the production of methane (Takashima, 1988). On the basis
~of this knowledge, we anaerabicatly trealed five-fold-difuted distiilery wastevater.
1o vwhich the mineral nutrienls Ni* and Col* were added, by the mesophilic AFBR
(anaerobic fluidized bed reactor) process. A saximum TOC volumetric loading rate of
24 g r1 a1 yith a TOC removal efficiency of 80% was achieved. This rate was Tive-
fold higher than that without the addition of the mineral nutrlents (Kida, 1993).
Rowever. the influence of Nid* and Col* on activities of : ‘miCroorganisns, ang their
enzymes ¥as not examined. In: lhlS work we attempt to. clarnfy the :nf}uence of Ni2*
and ol on the activities of mlcroorgan|sms and thelr enzymes o

4 ] Haterlals and methods - : _
A1) The composition of synthetlc yastevater used in the study vas as follows (g rh:
sodiue acetate, 5.46: acetic acid, 16.0: KizPO4. 0.3: KHCO3. 4.0 Ni4Cl.' 1.0: RKaCl,
0.6: HgCly - 6Hy0. 0.82: CaCly - 2Hp0. 0.08: cystein-HCI - Hg0. 0.1: wmineral solution
vithout Ni2* and Co?*. 10 sl: vitamin solution without BI2, 10 ml. Syalhetic
vastevater with added Ni2* and Co®* to concentrations of 0.5 and 0.2 sg I°1,
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respectively. _ _ _

(2) A conlinuous stirred tank reactor (CSTR). which was made glass and had a working
voluze of 1.7 /. vas mixed thoroughly #ith a magnetic stirrer as showa in Fig. 7. The
temperature during the continuous culture was maintained at 37°C by imzersion of the
reactor in a theraostatled vater-bath. and the pl vas maintained automatically at 7 by
~ feeding a 1 N NaOH solution. 1.7 / portions of the mesophilic acclimated sludge which
had been washed with the synthetic wastevater without Ni2* and Co®* under anaetobic
- conditions was placed in each CSTR. Synthetic wastevater with and without Ri2* dnd
Col* was then fed into the CSTR. respectively. The feeding rate was increased if

" steps from 17 to'1,020 ml d-1. _
. ' ﬁﬂtﬂp

3

Gas holder
=
’ I Etflyent
O :
Waslewzler —g— [ S . Lo
Waler seal |
Pump Magnelic Thermostated : )
stirrer ‘water bath{37C)

Fug 7 Schematic diagram of an anaerobic treatment
process usmg a complately stirred tank reacter.

(3) There are two setal enzymes, Methyltransferase and Hethylreductase which form
coenzypes with tetra-pyrrole ring structures conlaining Ni2* or Co?*, respectively.
by chelate bonds +in the synthetic pathvay of wethane from acetic acid. ''At each -
ditution rate. quality of effluent and gas evolution rate were determined and a 50 ml -

- aliquol of saople was taken from the CSTR to measure the activity of microorganisams

“and " theirienzymes. A [0 ®l aliouot of sample vas transferred to a vial, -which
contained 0.2 @l of 3.57 K sodium acetale solution and vas connecled to a volumetric
pipette using vinyl tube. emmersed in a thermoslated water-bath. Specific gas
evolution rate was then measured during incubalion vith shaking at 37°C and 100 rpa
to determifie microbial activity at each dilution rate. The remainlng sapple vas ised
to deteraire the conceniration of Ki%* and Co2* Contained if the rethyitransferase
and methylreductase ceeniymes respeclively The sample vas: centrnfuged and KCN was

" added lo the ppt for seasurement of the coenaymne - content of methyltransferase. The -

‘coenzyae ¥as extracted from lhe aicroorganisos by heat:ng at 105°C for 20 wmin. .in
‘contrasi. the coenzyme of methylreductase vas extracted: from the microorganisas by
heating' al 120 C for 20 min. without addilion of 'KCN. Their supermatants vere
clarified by centr{fugation and then passed through an asbertile reverse phase column.
‘The coenzymes were then eluted using methanol and analyzed by atotic absorption.

4.2 Results and discussion _
-~ The continuous cultivation was carried out. using synthetic wastewater with
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and withoul addition of Ni%* and Co?t. By addition of Ni%' and Co2*. continuous
cultivation was stable even al a high dilution rate of 0.6 d~!. Hovever. without the
addition of Ni%* and Co2* the concentration of VFA increased rapidly concomitant with-
increasing the dilution rate to 0.05 d-1. Using sieady-state data al each dilution
rate. TOC removal efficiency. gas - preduciion rate.  and concentration of
microorganisns (VSS) were determined (Fig. 8). In-the case of non-addition of Nil*
and Co%*. it appeared that vash-oul occurred at-a dilution rate of 0.05 ¢~ judging
from decrease of T0C rewoval efficiency. In contrast 'with addition of Ni2* and Coz*.
continuous cultivation was stable over the range of - 0. 01 to 0.6 41 There was a .
corresponding increase in gas evolution rate with an- increase in dilution rate. The .
gas evolution rate reached 7.600 ol”! 71 d"1 at a dilution rate ‘of 0.6 d-1, T0C
~removal efficiency of greater than 95% vas achieved: ever the range of ditution rates
exanined. The concentration of microorganisss increased slightly vith an:increase in -
ditution rate at dilution rates less than 0.3 d-l. The cell yield vas 7 to 14% vith
respect to TOC ‘consused, Without addition™ of Ni%* and Co2* to the synthetic
vastevaler these ions were nol detected in -the microorganisas. Conversely, the
addition of Ni* and Co2* caused an increased in the level of Ni2* and Co?* in the
microorganisas as showa in Flg 2. And thelr coneentratlons at dilution rates greater
“than 0.12 ¢°L vere constant. being 1.1 zmol NiZ* (g VS)™1 and 0.7 ool Co?* (g
¥SS)” N -respectively. It could be consndered that the activity of methanogens with
L zlmol Nid* (g vs$)~! and 0.7 leol Cod* (g VSS) -1 should be » laxlmum namely such
'methanogens have an activity of 1.

The specnfuc gas evolution rate of mlcroorganlsms at each dilutton rate was -
‘also deplcled in ‘Fig. 9 TWithout addition of Ni%* and Co®* ‘to the synihetic
- vastevaler ithe specific gas evolution rate was zero. In conirast, Ilth addition of
Nid+. and’ Co2* the specific gas evolution raie: increased -with increasé in dilution

rate.  As: apparent fron these results. the specific gzas evolution rale of the
' methanogens vith an aclivity of 1'seems o be contro!led by the dilution rate, nagely
‘the SDeleIC grovth rate. _

Frou the results at a dilution rate of 0.3 d°l a saterial balance of Ni2*
and :Cod* was perforaed. 20% of Ni%* and Co2* added' vere taken up in the
~microorganisas and about 80%: rema:ned in the liquid. “Accordingly. the amount of §i2*
- and Co2* addition to the synthetic wastevaler might be decreased by a faclor of four.

~ These resulis are sussarized in Table 2. It is apparer! from this data that
the addition of Ni%* and CoZ* contributed to the increase of coenzyges and activities
- of microorganises. It is ‘also apparent vhy the high TOC loading rate could be
~ achieved vith-the addltlon of Ni¢* and- Co2 vhen treating ‘the five-fold diluted
dlsltllery vastevater ~in’ the  AFBR: (ef. Intreduction), * The concentration of
microorganisss and the TOC reaoval’ rate at a dilution- rate of 0.3 a-l in. the CSTR
cvere L1 g riand 2.4 ¢ r 4, respectively, Accordingly. the specific T0C removal
rate- is 2.15 g g7t ¢l In contrast ‘the ‘concentration of mlcroorganlsm and the
saxinue removal rale in the AFBR was 10 g rtoand 20, 6 g/ | d” 1, respectlvely.
Accordingly, the specific TOC removal rate was 2.06 g gl d° * There is ‘good
corroboration agong these results. _

In conclusion. the addition of Ni2' and Col* to the synthetic 1astEiater_
increased the amount of coenzymes methyltransferase and methylreductase and resulted
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in acceleration of metharogenic activity. As a result. a high organic matter reaoval
rate could be achieved. -
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9. Treateent of high-sirength leachate by biological processes 'such as nethane.
fermentation : ' o s .
With the terainalion of sea-duiping, most organic sludges.are disposed of in
landfills at preseat. The leachate from landfills in. general has become - high-
strength organic vastevater with BOD: concentrations of more than 10,000 g 71 These
- high-strenglh - leachates are. still™ treated  aerobically - by activaled sludge as
-mentioned above. Hosever. the quality of effluent from an activated sludge systen, '
-even al a high HRT of more tham 20 days. - is not- acceplable for discharge into -
natural  vater courses. e _ _
~In our vork the high-strength leachate vas treated ‘anaerobically by sethane
~ fernentation using an UAFP reactor and then” treated aerobically by activated sludge
using an aeration' tank (hereafter called biological treatuent system). Also the
quality of ‘efflueal from a commercial-scale activated sludge process and the
biological treatment systea vere compared. Afterward. coagulation tests were carried
oul to remove color materials remaining in the effluent from the systes.
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5.1 Materials and methods : .

(1) Table 3 shovs compositions of leachates (). (B) and (C) ‘ised in the treatment

" tests. ‘Although the compositions of leachate collected at varioys ‘limes - varied -
slightly. the BOD leévels should be more than 10.000 ng r1 judging from their CODcr -
values. The leachaies had hlgh ash contents of about 10,000 ag r1, in shich K*. Cal*,
Ka* and Cl~ were dominant. The concentration of NHg* vas also high. being more than
1.000 =g 1. but S04%* and P03~ were very lov. and vere not detected in leachate (2.
* Moreover. the plis were very high (greater than 10). On the basis of - these analys:s.
© the pH vas adjusted to 6.0 and then HzCly - 6Hip0. NaHoPO4 and L- CYStElﬁe HCE:- H30 vere
 added to concenfration of 160, 110, 54 and 100, respectively.

~(2) Fig. 10 shovs a schematic diagram of the single-phase anaerobic treatlent system

" using an UAFP. The reactor, with a vorking voluge of 0.78 rl, was aade of glass and

packed with a support medium for gicrobial adhesion. The ‘support ‘medium. ‘which wds -
supplied by Herding CmbH (Cermany). #as composed of a mixture of clay (particie
diageter. 0.1-2.0 gn) and high density polyethylene Type 9% (diazeter, 0.5-2.0 mm) in

a ratio of 45 : 55, and the mixture was burnt at 100-230 'C. The tesperature of the |

reactor vas maintained thermostatically at 37 'C by the circulation of thermostated

gater through a water jacket. The linear veloclty against the surface area of the
‘reactor wvas controlled at 5 com mlh‘i by cnrculating the liquid 1n the reactor the
‘evolved gas was collected in a gas holder. _
~ An 800 m} aliquot of the acclimated mesophnl:c sludge (VSS. 5. 110, wg /1)

- was inlroduced into the reactor. The liquid in-lhe reactor was- then circulated =

" overnight at 37 C by pupp P-2. During’ ‘acclisation, synthetic sastevater (TOC T 600mg I-1) .

* vas fed into the reactor at a T0C volusetric loading rate of 1 g rlal.

After a 25-d4 acclimation period w|th the synthetic vastewater. the leachate
vith addltton of nutrients vas fed into the bottom of . the reactor at ‘the same TOC
leading rate (HRT. 6.8 days). The effect of T0C Ioadxng rate on performance during
' anaerobnc treatmenl ¥as 1nvest:gated by adJustlng the feed:ng rate.

- {3) Acllvated siudge treatment C L
.  Fig. ‘Il shoes a schematlc d|agram of the aeroblc actlvated sludge treatment
syslen. ‘The aeration vessel. made of acrylic resin. had a-partition vall separaling
- the 0.7 # settling zone of 0.7 /! fron the deration zone with a working volume of 2 /.
© The temperalure was controlled al 20°C via a ‘bidetal sensor. Aeration was introduced
through a batl filter instalied in the bottor end of the reactor from a blower (P-2)
_ whlch also served to mix the liguor in the reactor.
. A 2, 800 al allquot of activated “sludge, which was provided by a sevage
- treataent 1orks ¥as |nir0duced into the reactor and synthellc sevage (TOC, 860 ag I~
1) ‘was thea fed into ihe reactor at a “feeding rate of 0.21d1. After 44-d of
~ operation, the anaerchically trealed leachate vas fed into the reactor lnstead of the
synthetic sewage.
(4) The leachate and effluents fron anaerobtc -and aeroblc processes vere diluted 7.1
tiges vith distilled water. Next, 1 ml of each diluted sSasple was placed on a
Saphacryl S-300 column (20x1.000 mm). The eluted -fractions vere collected with a
fraction coltector (SF-2120. ADVANTEC, Tokyo). and the TOC concentration of each.
fraction vas measured. The molecular markers of standards were as f{ollows: bovine.
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serun albumin (68.000 Da), trypsin (23.000 Da). cytechrone € (12,000 Da), insulin B
(3,500 Da).
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' Fig. 11 Schematic diagram of aeroblc trealment syslem

using an aeratton lank consisis’ol an aetaﬂon one
seuirng 1one. .

(5) The efftuent from the bielogical treallent system ¥as’ used in coagulatlon ‘test.
* FeCly - 6H20 at concentrations ranging from 200-500 ng r!, was added separately ‘into
200 ©} of the effiuent at pH 6. The. liquid wasfirst stirred at 120 rpn for 5 ain and
then at 30 rpo for 20 min without interruption. After centrifugation. TOC and color
intensity in the supernatant vere measured. The effect of pH was also studied by
varying the pif froo 6 lo 9 at a FeCly - 6Hy0 concentration of 300 ng rl.

5.2 ReSults and DlSCUSSlon : '
(1) Anaerobic treatment of leachate u3ing the UhFP reac{or _ ‘
Fig, 12 shows the variation in effluent quality’ and gas production over the
- period of the anaerchic treatzent test using ‘the UAKP reactor.. ¥hen 2 TOC resoval
efficiency of 909 was ‘achieved for the trealment of synthetic wastevater. the
teachate with-addition of nutrients was fed inlo’ the reactor - is place of the
~ synthetic vastevater. At a T0C loading rate of 2 g 7’1 d-1 thé TOC removal efficiency
decreased to 10 % . bul the gas production rate was increasing - and the YFA
* concentration in the efflvent was about 1.000 mg r'}. The TOC loading rate was then
~increased step wisely with an increase in feeding rate. The TOC removal efficiency
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and the VFA ‘concentration in the effivent were more or less constant at a TOC loading
rate of Jess than 6 g £} 41 while the gas production rate increased with an increase
1 TOC loading rate. The T0C loading rate vas then increased to 8 ¢ /1 d°l. The VFA
concentration increased to aboul 1,300 mg r1 and the TOC resoval efficiency decreased
to aboul 63 % but their values were constant at this TOC loading rate vhich
corresponded to an HRT of 0.9 days. It vas found Lhat the high-strenglh leachate vas
efficiently treated under anaerobic conditions at a short HRT by addition of
nutrients to the leachatle. Using steady-stale data at each TOC loading rate, the

effect of TOC loading rate on TOC removal efficiency. 2as ~production rates and :

effivent TOC concentration were determined (Fig. 13). There vas a corresponding

increase in gas production rate with an. increase in T0C- loading. and the gas

production yield vas 1.2 /(g 1001 ‘vith respect to T0C consuzed. This value vas 64%

of the theoretical valve (1.87 1 (g T0C consumed) 1) bul the methane centent was high.
being 77%. The TOC conceniration in the efftuent was almost constant 2.000 og rtat

a TOC loading rale of less than 6 g 71 .d"L. This suggests that there were probably

undegradable compounds in the leachate. It vas also observed that crystals were
" forged around the bottom:of the reactor during anaerobic treatmeat. The ¢rystals .

* seens to be derived from Cal' judging from the decrease of minerals before and after
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.12 Effluent quakily and gas production during anacrobic Fig. 13 ETect of TOC Ioadiag rate on TOC remes sl cfficiency and pas production
teeatmentof feachate by the UAFP rate during anzerodic lealmeat

(2)':AerqbiC'lreal¢ent of the aﬂaérobically treated leachate by activated siudge.
- -An aerobic lrealsent test was carried out, - using:the anaerobically treated
teachate which had been previously stored. Its compositions were as follows (sg rly:

T0C, 2.116: CODcr. 3.24%: BOD. 1.206: Nig*. 3,800; P04~ ND. Although PO~ was
- -added to the leachate whea it vas treated in the UARP. PO43~ was not detected in the .

anaercbically trealed leachate. After an addition of 46.7 ag r! of NalzPOy to the
anaerobically treated leachate to provide the ratio of BOD': P-of 100 : 1. the
leachate was used for the aerobic treatment test.

Fig. 14 shows varialion of effiuent qualily and NLSS over the period of ‘ihe -

aerobic trealzent test with synlhetic sewage (1-46 days operation) and anaerobically

treated wastewater (after 46 days operation). During the aerobic trealment of

141



~ synthetic sevage activaled sludge vas somelimes vwithdrawn to maintain the XLSS
- concentration al 2,000-3.000 mz /1. The concentration of HLSS decreased as soon as
~ the araerobically treated leachate was introduced in place of the synthetic sewage,
bul the HMLSS subsequently increased. However. the concentralion of HLSS dropped
“sharply again. Activated sludze acclimated in our laboratery was™ then added to the
aeration tank to maintaip the KLSS concentration of 2,000-3.000 mg g! after €8-d
operalion. Aftervard the decrease of KLSS vas observed again, bul the quality of
effluent vas conslant vith a TOC coacentration of abeut 1,300 og 7! and BOD was betow

g "detection. As apparent: frou the quality of the effluent there are probably some.

recalcitrant compounds in the leachate.

(3) Change of 10 cosponents by biological {realsent

Fig. 15 shors elution curves of gel filtration of the original leachate, the
anaerobically trealed leachate. and the anaerobically-aercbically treated leachate.
‘The leachate has two kinds of peaks with a high molecular weight {av.. 4,500 Da: peak
A and a lov zolecular weight (av., 1.300 Da: peak B). As apparent froa the figure,
~not only compounds in peak B but also sost of the compounds in peak A were degraded
by anaerobic treatment. Among the compounds remained in the anaerobically treated ‘
leachate. low molecular compounds rather than hlgh molecular compounds sere faund to
be easily degraded by actlvated sludge
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: teachate, :
(Y, Removal of color y|eld1ng materuals remalnnng in the leachate trealed by ‘the
biological trealment system : )

Fig.. IG shows the effect of the amount of FeClg Gﬂgﬁ addition on removal
efficiency of color. at a plt: of - 6. The color intensity and’' the TOC concentration
decreased gradually with.an: increase in addilion of FeCly - 6H50. As the amouat of
sludge generated increased rapidiy at a FeCly - 630 concentration of 500 mg 1}, the
anount of FeCly - 6Hy0 deternined to be most switable vas 300 g /1. Fig. 17 shoss the
‘effects of plH. The color intensity and TOC concentration were lovest at a pl 7.
However, it was fourd the lhorough removal of the residual T0C components and color
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yielding materials was very difficult by coagulation after‘Bialogical-trealeent.

Amgunt of FeCly-6H,0 (mgh)

Fig. 16 Effect of amount of FeCly« 6H,0 added cn removaf
efficiency of color materials and TOC ata pH of 6.
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_!(5) Evaluatnon of performance between blOlOBlCﬁl trealment and tradnt;onal systeps
Table 4 shnws the treatment condifions and effluent qual;tles of bolh systems

Table 4 Evaluation of performance belween blologlczd and conventional systems

‘ ,Bso!og:cal treatment system

L Addition of avtngms
(PO) Mgl Co 5y

.- leachate

Conditiony’ | .
HRT - {43381 !
o {—) 101
Temp 1 ()

Quabiy of it~
T0C . (mpth 1038

T Coluinteasiy ' ) &%4
COBG  tmpdh) 6278
BOO im;'l")

- Conventiona) system

feachaie —»
Cunditions :
HRY »  (daym

CopH -l 24

Temp 1Cy '

: Quatity of e/fluem . -
TOC & (mgth [ 6345

" Colorimeawty(y L &9 |
COD\ (mgthy 2425
BOD . {mpiY 8500

pH.

-2 UAFP — Activated -8 Cmﬂh!{ﬁn -+ Efffuent

Ajustment studge -
; ng 15
a1 12 12 10
3 0
1303 A 1062
566 60 T3 s 5D
3049 140 1020
1.206
AdNn of PO
Coaditioning pH } Acivated ion - 1
ank 'ad_;u“mcm sedge T Coogutation —» Effuent
5 B0 84
A9 s
e 1260
tH33 8
R 1500 400
R B

The biological treatment system requzres only 0.9 days for anaerohlc and 2.6 days for

aerobic treateent. 1n contrast,

days for aerobic treatoent alone. With respect to ‘the quality of efflueat,

the comaercial-scale iraditional systen reQU|res 23
_the TOC
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concentration decreased to 1.416 sg 71 by aerobic treateent folloving anaerobic
treataent in the biological treatment system. In contrast. the T0C concentration in

the effluent from the commercial-scale activated sludge was almost the same value
even though the leachate was aerobically treated at a HRT of 23 days. As mentioned
above, the leachate vill certainly contain recalcitrant materials. By coagulation
vith FeCl3. about 25% of residual T0C components and 54% of color materials vere
resoved, respeclively. thus most of the TOC components were still remaining. An
~efficient process for treatmeal of high-strength leachate will have to be developed
- ta produce an effluent su:table for discharge to water course.
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TREATMENT OF RUBBER-THREAD MANUFACTURING
WASTEWATER - ANAEROBIC DIGESTION COUPLED

WITH CHEMICAL COAGULATION

S Shapura Mashood ', K.Kida *, and B.G.Yeoh'
! SIRIM Environmental chhnology Centlre, P.O.Box 7035, 40911 Shah Alam,Selangor,Malaysia,
' 2 Dcpanmcnt of Applicd Chemistry, Faculty of Engincering, Kumamoto Um\em(y, 2-39-1
Kurokami, Kumamola~C|l)', Kumamoto 8611, Japan

- "ABSTRACT

Wastowater from a rubber-thread manufacturing.induslt.y cmuaini.ng about 200 to 300
mg/L, of zinc was first coagulath with sodium sulphide ennchydrate at Zn™' : Na,S molar ratio
~of L1 to_fcniovc more than 99% of zine ions. By pH adjustment, 99% of zinc 're:n@\éal was
' achieved when the pH was 'adjﬁsied 10 9.0 and 10.0. ‘When this coagulated wastewater was
: treatod in thc upﬂon anaeroblc filter Process (UAI'P) reaclor thc TOC removal cfficicncy was _
* constant at aboul 90% even at a volumctnc loading ratc of 8 gTOCIUd which correspondcd to:

- a h}drauhc retention time of 0.63 d. The gas ¢volution sate mcreasod wnh the increase in TOC
‘ loadmg rate resultmg in a gas yield of 1.25 LJgT()C consumad at 8 gTOCfUd of loading rate.
" The amount of mclhane gcncraled was abOut 10% of the total amount of gas ‘evolved.

INTRODUCTION

' :Total export of rubbée products in Malaysia increased by .12.8 bcrcéﬁt to reach US :I billion
with the latex-based products sub-sector comﬁbu!ing 66.0 percent of the total according to
1994 statistics. However only a small peicentage of the said ﬁgure was oontnbutcd by rubber
ihread Duc to the small aumber of rubber-thread manuf‘acturets in Malays:a, little aucnhon
| has béen p'ud to thc management of wastcv.'ater gcncratcd by them: 'I‘hc raw wastcw.atcr

although organlc in naturc contams a significant amount of zin¢ ions, u.h:ch reoders lt a -

hazardous waste. The hcavy mctal noeds to be cffcctncly removed prior 10 bxolog:cal - -

treatment, which otherwise would be senously affected. Tn addmon it 15 important to sclect the
most suitable and cost-cffective coagu!ant to avoid the generation of excessive chemical sludgc
which is des:gnatod as a schoduled wasu_: in Malaysia. In this study, sodium Sulph:de was

cmployed to coagulate the zinc fons prior to biclogical treatment.
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' MATERIALS AND METHODS
- Chemical Coagulation for the Remaval of Zinc Ions
Jar Tester Method

A series of samiple containing 400-mL rubber-lhréad manufacturing wastewater (RTMW) were prepared
~in $00-mL beakers. The pH was adjusted to 5.0 by the addition of IN NaOH. Sodium hydrogen

. carbonate (NaHCO,, Wako Pure Chem. Ind, Ltd) was added appropn.ktely into each sample to give a

. f'mai concentration of 30mg{L. - The samples were then placed in the jar tester and agitated at 12_0 rpm for
2 minutes. - Then appropriate amount of Na,$ was added and agitation was continued for another §
minutes af the same speed. The agitation speed was then decreased to 33 rpm to produce a2 mild agitation

 for another 15 minutes. At the end of mild agitation the samples were left unstirred for 20 minutes.
Determination of Optimum Dosage of Coaguiant

Fo!!owing_lhe jar-tester method described abovc., the concentration of coéguiam was varied in each
sample containing - RTMW. The concentrations of ‘h?S added \ifere LO,'i.S, 20 and 2.5 moles

_conespondmg to the zinc concenlratmn in the wastewater. The amount of residual zinc fons in the
supérnatant was measuréd with an atomic absorptlon specirophotometer (Shtmadzu AA 640—[38) The
amount of suspended solids (SS) formed was also measured. In delermmmg lhe_ S8, the s_upematant'
was carefu]lv-decamed and the bottom Ia)er which contained ‘mostly solids was _ kept, for the
measurement. The calcu!auon ofSS however was made based on- the lotal volume oflhe samp!es which

was 400 mL.
Determination of Optimum pH for the Zine Coagulation

Following the jar—iester_ method, the pH' was varied in each :.sa.mpl.e containing ‘RTMW. - in'de_termfning |
the optimum pH for 'cbaguialion of zine. the pH was adjusted to Sd 5.5.6.0, 6. 5 7.0, 8.0, 9. 0and 10. 0.

In order 10 maintain the pH, sodmm hydrogen carbonate was not added in the samples of whlch the pH
was ad)usted to be!ow pH 7. Into alt of these samples, sodlum suiphide -was added at a malar
concentranon of 'S tines of the zinc concentration in the wastewater. The amount of resudual zinc ions

and SS were déterminied as descnbed above. -
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Removal of Zinc Via pH Adjustment
The same procedure as above was carsied out except that sedium sulphide was not added to the samples.

Analytical Methods

All paramieters, wuh the etcepuon of - SS were analyzed for the superna{ant after centrtfuganon at o

10,000 rpm for lO min. The SS value was ob!alned by dr)fmg the pellet (centnfugauon at IO 600 x g for o

T rmp) in a Gooch crucible overnight at 105°C, cooled in'a de_ssrcator. and weighed (I). The COD value

was obtained by open Reflux Digestion method (2). -

Sotuble tetal organic carbon (TOC) was analyzed with a TOC autoanalyzer (TOC - Romlount
USA) (2).  Total vo!alﬂe fatty acids (VFA) were ana[yzed by a post-label racthod, in° which the
absorbance of volatile compound reacts with a solution of bromothymol blue, at 450 nm (870 - UWVIS
detector, Japan Spectroscoptc Co. Lad., Tekvo) after separation of VFA feom the wastewater by high
-perl‘ormance liquid chroma{ograph (HPLC 860-CO; .lapan Specrroscoplc Co. Ltd.. Tokyo) on a column _.
designed for the analysis ofVFA (Slnm -pack SCR: IOI H; Slnmadzu Kyoto)

The cations and anrons were analyzed by’ usmg an wn chrormlograph (Hrgh pressure Chromatograph :
Modu!e CRB; DEONFX Corp,, Cahforma USA with a Conductivity - Detector -3 (CDM 33} which
'employs an’ Anion Self- Regeneratmg Suppressor. ASRSI 4 nun (P/N 043189) and a Cation Self-
Regenerahng Suppressor CSRS-I 4 AR (P/N 043190} after separauon on a columit designed for the
B cation and anion analysns (for cations: lonPac CG12 (P/N 44002} and [onPac CSIZ dmm (PAN 44001),
for anions ; lonPac AGI?A dmm (PN 46035) and tonPac ASIZA dmm (PIN 46034); DIONEX Corp,
CA,USA)

The determmauon of' ZinG was carrled oul b) acpirating the sample into an air-acetylene flame and the
: '\mounl of light nbsorbed by the atomized elcmenl in the Dame as measurcd by a detector in the atomic

_absorplion rspeclropholometer (Shunarizu AA 640 i28) (2).
f'rolem analysus was penomed following the Lowry }olm Method in which the measurement of proteins

was presented wilh the Folin Phenol reagent after alkalme copper treatment and lhe coicur was measured

with UV-VIS 160A Shimadzu (3).
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The Biological Treatnient System

An upllow anacrobic filler process (UATFP) reactor (Shouwa Engineering Co.. Tokyo) was used for the
anacrobic treatment. The support medium was composed of clay (particle @, 0.1 ~ mm} mixed with
Ligh density polyeihylene (HDPE) Type 99M (&, 0.52~2 mm) at 45:55 propo'r(ion and the mixiure
Lurnt al'l00~230°C. The UAFP rcaci'o.r- was made ofglass with a working volume of 4.9 L. The reactor
temperature was maintained at 35°C by the circulaticn of thermostated water through a water jacket.
The gas evolved was led into a wet gas holder and :malyzed dmly The schematic diagram of the

) :\uneroblc lreatmenl syslem is shown in Fig. 1.

The seeding sludgé was obtained from an acclimated raactor (CSTR type) which was fed with synthetic
wastewaler commnmg (/L) glncose 3%; comn s!eep hquour 351 KpHPOy, 30 KH,PO,, 2; (NHy)
'CO;. IhO 5; FeCly. 6H10 t;, pH 6. 3.‘ and maintained at an orgamc loading rate of 1to 2 gTOC/L/Md by a
dmw-nnd fif method In this study trace elements were added at concentrallons of 1.4 mglL and 0.4
mniL per 10000 - mgTOC/L -using NiCl,. 6H,0 -md CoCiz 6”10 respectively.  The reactor as
“contingusly fed with coamlaled RTMW where zinc ions !nd been removed by usmg sodmm sulphlde as
c.m-'ulam The concenlralmn of the coagulnnt added was in the molar ratio of ! 1 correspondmg to the
“zine concentration in the rawv wastewater.” The caaOUIated w-uslewater was prcserved in a refrigerator
and was fed from the bottom of the UAFP reattor by a pensmiuc pump and the efﬂuem was allowed to ,

over ﬂnu from the top of the reactor into a waste bottle.
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Fig. 1. Schematic diagram of anaerobic treatment system using an upflow anaerobic filter

process (UAFP) reactor

- 148 --



'_RESULTS AND DISCUSSION N
Characterisation of Raw Wastewater (RTMW)

The composition of the raw RTMW was found to vary at each batch of collection. As showa in Table 1,

the TOC concentration was in the rangc of 2600 to 5000 mg/L. The CcOoD concentratror: was found to be
- about two 'md a half timnes as much as the TOC concentration. - The VFA conccntratlon ranged from 6000
© to 10000 mgIL With respect to lhe VFA concenlranon lhc TOC concentrauon was about 40 to 45% as

muck. M is also important to note that the raw wastewater comamed about 250 mg/L oi‘ zine whtch '

o correcponded to about 8% of the TOC concentration. The amounl ofSS was found to be about 5% oflhe C

TOC concentranon The tevels of cations and anions were, however, found to be inconsistent in each

batch of the raw wastewater with a fairly high level of chioride i tons compared to the others
. The pH was, however, observed o be fairly consistent at about 4.0 in all of the three collected sampfes.

Table 1. Compesition of raw rubber-thread manufacturing wastewater

~ Parameter" _Samp!éi ' | | Saniple2. B Samp!eJ
—Toe 267 &0 360
aTe e 86 29
VFA | 590 ey 9860
Css o e B 3
cop b WM. 0 12905
© Cation: NH;' | ST 156 s
Mg®t 0 Nv? Nt
Yo SUNEEN IR S s4 4.2
o 244 340 60
~ Awion: CF S e 390.2 2404
Coney | 82 20
Cpot | e %84 336
o | sof | _f SREES R 146 82
) pH (9 A 388 AL

1) All parameters. except ptl. are expressed in medt,

{2) NM = not measured
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Removal of Zinc Ions
Optimum dosage of coagulant

‘Zinc ions were removed by coagulation via the J:!r-tcswr method. Sodivm sulphide ennehydrate
| (N3;S.9H,0, 96%; Nacatai Teque) was vused as the cloaguianl. The stoichiometric equation of the zinc
:coagulation with sodiem sulphide is as follows:

Zn’ e 2NaS) + 2H;00, — Z0Siy + dNa" + ZOH(N} + H;S, oy
Based on equation(l) the optimum armount of coagulant to be used was mvesugated and the results are

. as shown in Fig. 2.

o%r

oafr

Zn. concitingh) .
: S
vl

had
o

d»‘ - a - L N - "
0% e i 20 28
v Na.8 conc (emed of 7a )

Fig.2 " Amounlt of residuat Z,n2 in the ﬁ]lrate after coagulation wuh sodlum su!phlde o

atn nmles of Zn® " conc. in the faw fubber thread manufacturlng wastewaler

As depicted in Fig. 2, the removal of zine were 99.7%, 99.8% aid 99.6% with the addition of 1.0, 1.5 and
2.0 moles as much as the zinc concentration in the raw respectively. Therefore it can be concluded that a

nearly complete removal of zinc could be achieved even at ccagulation of 11 |11b|ar ratio of Zn®* ; Na,S. .
Optimum pH for the congulation of zinc ions.

Inthe coagu lation process :t is also lmporlanl to determine the opnmum pH wlnch favours "the renmval
;of zine wilh the addition of optimum amount ol'lhe coagulant Beside using the coagulant, zinc ions can
also be precspuated as :smc hydro*ude Zn{O1l),, at pil 5.5 and above. Because of this, the optimum pH
at uh:ch zine could be precipitated by adjusnng the pH from 5.0 to 10.0 with IN NaOH was investigated

smmilaneously The results are swmimarized in Fig. 3.
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" Fig. 3. Residual Zn*tin the raw rubber—(hread manufaclunng wastéwater aﬂercoaguhtzon

(NayS was addcd Yand after pH adjuslmenl {without Na;S)

It was fouid that zinc was completely removed when Zcoagula'lidn‘ '.*;'as caﬁried out at p'li betweer 5.0 and
10.0. ‘However, wnhout the addition ofcoagulant 30 to 50% of zinc removal was achieved when pH
was adJusled from 6.0 to 7.0. At pH 8, about 80% of zmc was removed and at pH 9.0 and 10.0, more
- thar 99% of zinc removal was recordcd These ﬁndmgs suggest that coagu!almn at pH 5 \sould be
ssgmi'cant if more than 50% of zine ions present in thie raw waslewater were 10 be removed completely

© This condition was adopted in preparing the cqagulaled raw RTMW for the anacrob:c_ treatment process.

The amont ofdned suspcnded ma!{cr obhmed from the cmgulauon process was fotind to be about 500
mg/l at all pH variations as shown in Fi igi 4. Even though the SS obtained during pil adjustment was
about half of that oblained in the coagulation pracess at betow ptl 7 it would still be desirable to adopt

sodium sulphide és the coagulant since ho price of commercial- -grade sodivin sulfide is about one-third
of that of caustic soda.’ Addtllonally, the amount of solid waste producuon was also fouud io be about
halfol'tllat normally generated i m lhe coswcnnovml reaclor such as CSTR and ponding syslem where lime

is commonly used as the coagulanl
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Fig.d. The amount of suspended solids obtamed dunng coagulauon and
pH adjustment :
Anaerobic Treatmenl USing U-AFI.’

Alter acclimation of the svstem with tcn fold dlluted syntheuc wasteivater (TOC 18800

mg/L), coagulated wastewater was fed into the UAFP reactor at an initial TOC Ioadmg rate

~of 05 g g/l/d . The loadmo ra!e was mcreased stepwise :to 8 e TOC/L/d which was: the ._

mammum toading rate reported in this paper. Fig.$ shows the amount of gas evolved ard the .

pH during the ana¢robic treatment process. At a low volumetric loading rate the pHl was -

found to be between 7.0 and 8.0. HO\xever at a high volumetnc Ioadmg rate thé pH was falrly
consiant at about 7.3, The gas evo!uuon rate mcreased wilh increase in the TOC Ioadmg rate _
The gas'vield mcreased drastically from.0, S’? to'1.25 l./o of TOC consumed at TQC Ioadlng,_"
rates from 1 0 up to about 8. 0g1 OC/LA. The gas yield obtained at a high TOC loading rate :
corresponded to about 67% of lhe theoretical value. At-a low loading rate the am ount of
methane 8as generated was about 80 % whercas at a hlgh loading rate it was bemeen 65 1o

7 ftne total amount of gas evolved
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Fig.5. Gas production rate and pH during the anaerobic treatment of rubber-(hread
manufacturmo wastewater using UAFP

Fig.6 shows the quahtv of the anaerobxcaliy uea!ed wastewater. The TOC comenlfauon
mcreased with increasé in the TOC loading rate. At 4 Iow TOC !oadmg rafe it was found to

be about 200 mcr!L and at high !oadme rate it was about S00 mg/L. The later corresponded to

f-fhﬁ

F about 1333 mOIL ofCOD lheoreucal value since the orgamc carbon source from the raw

W astewater was mamlv aceuc acid. As sho“n in F:g 6 the COD concentration at a hlgh
volumelr:c Ioadmg rate was about 1500 mg/L and this correlated well with that of TOC, l"he
: TOC removal efﬁc:encv was consiant at about 90% even at a loading rate of 8 QTOCIUd
This corresponded to a hydraulic retention time of .63 day. The amount of inorganic carbon
increased with the increase bf the TOC loading rate due to the effect brought about by the

accumulauon of carbcnates Thc addmon of mineral nutnems for enhancing anaeroblc

- lreatment Ins been d:seussed bva number ofresearchers Takashima and Speece (4) reported

the eﬂects of the addmon oan " and Co Yane el ai. {3) rcported the lncorporauon oan =
P into carbon monoo*cide deh\ drOgenase in Acetooen while Kasakura and Kawase (6) reported
“the mﬂuenue ol mmeral nutrients such as Nl and Co™ on the anaerob:c treatment of sent
beer. The cons*unpuon of\h and Co™' is essential for the activity ofmctal enzvmes such as
By CH and F 3 which are active in the pathway for the converston of acetate to melhane '
{7) and the C, cycle for the reduction of COs to methane (3) thereby resultum in the :

acceleration of methane fermentation,
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In arder to coﬁlply wilh'lﬁe regutatory stér’tdards for ¢ifluent dZiSCharoe from rilbﬁér
processma in Malays:a Ihe anaeroblcallv lreated wastewater needs be subjected to an aerob:c
process such as the acuvated sludge system ThlS i$ bemg mveanated in our laboramry with
the aim to funher remove the TOC concentratton ll'l the anaerob:c efﬂuem thereby the f'na!

effluent would contain icss than 50 mgfL ofCOD before watercourse dlscharﬁze
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USE OF ALGAE IN THE MONITORING AND
- BIOREMEDIATION OF IEAVY METAL WASTES

Siew-Mgi Phang

~ Institute of Postgraduate Studies and Research (IPSP)
‘ University of Malaya
50603 Kuala Lumpur
Malaysia

~ABST RACT

Algae mcludmg both the mlcroa!gae and macroscopic (seaweeds) species fulfil
the criteria for good biological monitors of pollution in the aquatic environment. Algae
bioaccumulate heavy metals to high levels.without being damaged. Benthic species like
diatoms and seaweeds are useful for indicating time-integrated charges in heavy metal -

_ concentrations in’ the water. Toxicity and bioaccumulation data of heavy metals in -

Malaysian spécies of mtcroalgae and seaweeds are being generated through our

résearch. Such. daia are useful for the development of water quality criteria - and - o

- standards. Algal spec:es sensitive to heavy metals makeé good bioassay orgamsms whlle
- more tolerant spemes are usef‘ul for long term blomomlonng

_ " Non-living Chlorella wn'gans bmmass was tested as a blosorbent agent for
- heavy metals. Cadmium and nickel are adsorbed rapidly, reaching equntlbrlum in two
'mlnutes The maximum binding capacity for cadmium and nickel- was 293 and 380
jumol g dry wi. at pH 3, respechvely Up to 85% desorptzon was achxaved usmg HCI:
and EDTA at pH 2 _ . : _

Sumlarly non- hvmg biomass ‘ of .Sargam:m baccu.’arm a brown seaweed'
proved to be a good biosorbent for cad mium and copper The adsorpllon capacity for
cadmium and copper () at pH S was 0.81 mmol g and 113 mmol g respecuve!y

The following publications give details of some of our resulls,
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ALGM- AND HEAVY METAL POLLUTION

' Siew Mol Phang o
Insutute of Advanced Studies, Universiti Mataya
59100 Kuala l.umpur

INTRODUCTION

A 'biotogical and;ca:or may be defined as an "organism which accumula!es substances
in its tissues in a way so as to reflect environmental levels of those subistances or the
- “‘extent to which the organism has been exposed lo them' [1). These organisms may
- also be termed ‘bioaccumutators’ and are useful for the detection and analysns of very
low concenirahons of substances in the environment.

The use of b;o’oguca! indicators or. monitors has an advamage over direct anatys:s of

metals in the waler [2] for, '

(i) - the biolagically-available metal can be measured direclly usmg the orgamsms

(i)  timie- mlegraled estlmates of ava:iame metal concenlrahons in water can be con-
- gducted;

(i) process of concenlrauon of water samples comaunmg Iow quantzlaes of metals is
- expensive and labodious;

- {iv) presence of humic acid or other complexing or chelating agents may render some
- of thé mietal unavailable 1o the organisms, causing over-estimation of the toxicity of

. the substance; this can be avoided using the biological indicator;

{v) the form of the subslance in !he water affecis its avallablhly and toxlcny to organ-
isms;

" (vi) large seasonal, and gven diurnat vane!nons in’'metal comenl emsl maklng compan-

“son of sites ‘difficult.. .

_ Sedimem anaiysm has also been used as-an lndncatlon of metal content in the water

. [3.4.5). Problems associated with it include [2):

(i} “itis dilficult to calculale the metal content because the melal coment is not only a
function of the quantlity ‘of metal deposited but also & function o! the ratio of metat
deposited to the sediment deposited over a given time périod;

(i) particle size, lorm and size also affect he {inal concentrations of metals in_ the

. sediment  because charge, presence ol cerlain ionic groups and the surlace area
- wvolume fatio aftect the adsorption of the metal prior to particle sétting:

(i} differences in mobilisation rales also allect the final concentration;

. {iv) the concemratlon of a melal increases with the orgamc conren. frotal carbon] ina

' tinear manner;: - .

{v} it does nat refate the me!a! concentrahon Io ihe ac(ual avaliablh‘y o the organlsms

‘ Therefore the uso of bsologwcal mdncatcus are 1mporlant ‘when Lhe ob|ectwe in metal
- analysis is 10 determine the availabiiity of the metal to the living bsomass ol a specific
" habitat and 1o predict the impacts of metal pollution; in parhcular the lOXiC hoaw met-
als, on an ecosystem, and on man. .
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‘The characteristics of good biclogical indicators include {1.26) ©
(i) the organisms should accumulate the poliutant without being killed or rendered
incapable of sustained reproduciion by the levels encountered;
(i} the organisms should be sedentary 1o be indicative of the area of study;
(i) the organisms should be abundant and widespread lo facilitate comparisons be-
' tween areas,
- Aivy the organssms should have a long life to enable long-term monitoring:
© (v} the organssms should be reasonably large to provide enough tissue lor analysis;
~ (i) the organisms should be easy to sample and hardy to survive in the Iabora(ory
© (i) the organisms should tolerate brackish water;
L {viiiythe organisrms should exhibit a high concentration factor for metals;
{ix) a simple cortrelation should exist between the melal content of the organism and
| the average melal content in the environment;
(x) all organisms in the survey should exhibit the same correlation between their metal
¢ contents and those in the environment, at all locations studied, under all condi-
tions:
{xi) the organisms should be readily identified.

Meatals can originate from three possible routes : from solution, from ingastion of food
“and from ingestion of particulate material containing metals [2). Not all indicalor species
~can be used for all three types of mefal load, and the indicator has to be chosen
"based on the targetted substance and its form.

Many algat species mee! many of the requlrements for blo!og ical mdlcators Seve;ai
toxicological studies of algae and heavy metals have been reporled and reviewed [2,
“7. 879,10, 11, 12, 13,:14,- 15, 16} Algal indicators “are lrnporiant as they form the
‘basis ol many food- chams

ALGAE AS INDICATORS Of‘ HEAVY METALS
Marine Ecosyslem

Much of the studies refating manne 2! 'gae, bolh m:croa gae and macmalgae 10 toxic
metals in the environment , have been carried ot in lemperate waters. As such, the
commonly used rnacroalga! species include Fucus vesicularis, Fucus serralus, Fucus.
spiralis, Laminaria digitala, Ascophylium nodusom and Ulva lactuca {17, 18, 19}
Tropical specnes studied mclude Enteromorpha’ mresrmahs Caulerpa racemosa, Bryopsis
plumosa, Gelidiella acerosa, Cystoseira indica, Sargassum bracleolosum, Sargassum
linearis and Diclyota dichotoma (20, 21}.

Algae reflect only the soluble metal content in the environment and riot he tolal metal
leads. Metals are lost slowly from many macroatgae. and because bound metals bave
long biglogical halt-lives, a high degree of lime- mtegrazlon of the metals in the water is .
oblained {2]. : . .

" The concentration of melals in_macrdaigae is afle¢t§d b'y many facloés_:

{i) Species variations
Diferent species concenlra:e melals to diffecent exlenls [20 21, 22] Under the same -
conditions, Amphrroa anceps, Enieromorpha intestinalis and Caul’erpa racemaosa ex-
" hibited minimum concentration of chromium, lead and cadmium while Bryopsis plumosa,
Gelidielia acerosa and Cystoseira indica showed maximum concentration of the same
metals [21}. The accumulation rate of chromium was higher than lead followed by
cadmium in these species. Of four species of brown, three species of green and three
species of red algae tesied in Jordan, the red algae showed the highest concentration
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of zinc, manganese, copper, cadmium, magnesium and iron [22}. '

(i) Variation with age of thalli

Concenlrations of zinc in Laminaria digitata and zinc, lead. copper, iron and alumlmum
in Fucus vesiculosus wete higher in older parls of thali [2]. The basal, mid and pe-
ripheral parts of the thalli of Ulva fenestrata, Codium yezoense and Codium fragile
accumulaled metals differently {23). .

(m) Seasona! variations _
Fucus vesiculosos exhibiled seasonal variation in accumutation of zinc, iron, aluminium
and manganese {19,24]. Concenlrations of the meétals were generally high In summer
“and low in winter [17, 19]. This is alributed to varying melabolic aclivities, gromh
rates, climatic conditions and h‘jdrObIO’OQIC condmons [1? 19}.

(w) Samp ing position .
" The posilicn on the shoreline at which the plants grow may alflect the conlent of heavy
metals [25]. Concentrations of zinc and cadmium were highest in Fucus versiculosus

“collected Irom the mid-range of the vertical shoreling distribution. Reasons suggested =
for this inCluded differences in metal avallabxrsly due to lidal exposure, salinity and

metal stratificalion {24] This was more evident in estuaries than the open coasts.

: Freshwater Ecosyslems

. Both freshwater mlmoalgae and macroalgae have been studied as to their uptake and :
tolerance- of heavy metals.. Among the microalgae studied are Sefenastrum
‘capncomuwm ‘Chiorelta pyrenoidosa, Navicula cryp!ocephaia Achnanthes
microcephala, Synedia -acus, Synedra liliformis, Synechococcus and - Closterium
‘moniliferum {26, 27, 28, 29, 30]. Filamentous forms which have been studied include -
Cladophora glomerala, Nilella flexils, Oedogomum nvu!are Chara vurgans and
'Sﬁgeocromum tenue [31,13.32.33].

Research on the reshwater algae have been more extenswe than on the marine algae.
However as wilh the marine algae. temperale species are better studied. Several species
 of lreshwater algae have been used extensively in bioassays ol loxic’ compounds in
the aquatic ecosystem. Cladophora glomerata and Stigecclonium fenue. were 1600m-
mended for monitoring heavy metais in UK. waters [31. 34}. These two species exhibited
greal responses lo small increases in zinc, cadmium and lead as shown by their steep
stopes in the dose-response curves [32]. Selenasirum capricornulum was used o
bioassay lor toxic aclivity in two drainage basins in Quebec [26]. Freshwater algae can
also be used to monitor and remove gold and uranium [35] and to remove heavy
metais from electroplating wastes {36} and paper mill effluent [37).

Like ihe inarine algae, species variation inftuenced concenlration of heavy melals in
~ the lreshwater algae {32]. Seasonal variations also otcurred, In summer, concenlra-
~ tions of 10-100 ppb cadmium, copper and mercury had lillle eifeci on the plankion
. blomass in the river. But in winter, heavy ‘metals of the sarne concéntrations. resulted in.
' biomasé reductions [38]

' 'The concenlfahon of metals in algae grown in water contamanated with paper mull al-
" lluent, was as lollows : lead > nicke! > cobalt > manganese [37]. The metat concentra-
: tions increased with increasing concentrations of chloride, suiphate, total Hardness and
alkalinity. Blue-green algae and diatoms were more tolerant of high metal concentea- -
hons than green algae. Scenedesmus quadncauda when exposed to heavy maials was
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" found to have an adaplation 10 copper at one order of magnitude lower than thal to
mercury [39].

Chara vulgaris when exposed to cadmiuvm, mercury and lead had a 60% growth inhi-
bition in the apical tips of the interncdes at 95 ppb cadmium, 150 ppb mercury, 330
ppb organic tead and 8000 ppb incrganic lead [33).

Table 1 lists some algae, mainly microalgae, with levels of heavy melals which cause
" inhibition of growth.

" Table 1 Concentrations of Some Metals Which Cause Inhibition in Microalgae [11, 33}

—

|  Alges L Mefal Concentrabon causing inhibition '
Marine: . L _
Tetraseimis suecica - " Cd > 1 ppm
isochrysis galbana - Cu ' - > 47 ppm
{sochrysis galbana - ed > 15 ppm
Cyclotella nana o Cu 5 ppb
Synura sp. ‘ Cu 0.75 ppm
Skeletonema costatum’ . Pb 100 ppb
Freshwater: o : R
Chara viigaris S Ccd 95 ppm
' Chara wulgaris ~ org. Po . 330 ppb
‘Chara vulgaris . inorg. Pb _ 8000 ppb
‘Chlorelia fusca .- Cu. C . 300 ppb
Selenastum capricornutumi Cu : : - 90 ppb
‘Selenastrum capricomuium Cd _ " 8 'ppb
Sefenastrum capricornuium : . :
. [50% reduction) Po 140 ppb- : :
Lyngbya nigra = Cu . _ - 045 UM - S
~ Chiorella vulgaris . Zn o 25 ppm-
Scenedesmus quadricauda. Cd ST 8 pph ;
" Euglena gracilis Cd - 1000 - 10000 ppb 2
' Scenedesmus sp. - Ni 05 ppm . ;J'

MECHAN?SMS 1NVOLVED IN THE UPTAKE AND ACCUMULATION OF
' HEAVY METALS BY ALGAE

Various mechanisms have been postulated and studied to 'prox}ide a beller under-
stahding o! the influence of hea'vy’ metais o alqae.'

Uplake and Accumu!alron of Heavy Melals

Pasgsive and acuve mechanisms have been proposeci to explam the uptake of heavy -

. metals in algae. in passive uptake metals are adsorbed onto the algal surfaces, even

" on dead cells. Zinc adsorplion in Synedra ulna and Phaeodactylum tricormutum have
-been suggesied {11] . :

© Factors which’ mfiuence up!akﬂ of metals include pH, age of algal cells, aeration of
- cdlture and presence of other metals [11]. The presence of high concentratnons of
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copper resulted in an increased uptake of nickel in Scenedesmus [11]. Cadmium and
copper have inhibitory effects on phosphorus uplake in Scenedesmus quadricauda
and the process is pH dependent 112]. Toxicity of cadmium to phosphorus uptake
increased strongly [almost 200-Iold] with increasing pH over the range 5.5 - 8.5. Hy-
drated Cd? was the dominant form. A 76-fold increase in copper loxicily was ob-
served from pH 5.0-6.5 and hydrated Cu?- was the dominant torm.

Excepl for studies on Chlorella, Hormidium rivulare and Scenedesmus quadricauda
[12] it has been observed that in acidic conditions metlals were more toxic to algae
while the reverse was lrue of alkaling conditions {11} Ankistrodesmus bibrainus exhibited
. reduced loxic response to heavy metals with increased pH [40]. pH and redox poten- .
© : {ial are known to be respensible for the mobilization and immobilization of heavy met-:

" als like zinc, iron, manganese, copper, etc. [11]. fron and manganese lorm hydroxides:
at alkaline condiions and in an oxidising environment [11]. These by /droxldes p:ecupu
late various metal ions and thus decrease their availabilities.

Increasing hardness of waler reduces toxity of heavy melals to é!gae This dccurs by
precipitation and co-precipitation or formation of complex carbonate and hydroxy
compounds of heavy metals with calcium and magnesivm {41]. The heavy metals be-

. core unavailable through these processes. Also these comp1exes may not be able to

permeate lhe cell membranes and lhereiore their iox;cny is' reduced.

Salinity has nol been shown fo have a sngmfcanl effecl on heavy metal uplakp and
-+ toxicity except for copper (41} An increase in salinily resulls in cormpelition belwean
" adsorbed metals and dissolved ions. The latter in’ rep!ac;ng the metals decréase their
avaitabilites. The accumulation of zinc, ranganese and coball was enhanced by de-
‘creasing sal:mly in Scytos:phon J'omenrana and Enleromorpha intestinatis {42].

An increase in temperalure has been found to cause an increase in toxicity as well as
the reverse. While the latter is not easny exp!asned enhanced respfalofy activities may
exp!aln the former [43). . .

Nitrale, phosphales and organic compounds in the waler may also reduce melal toxic-
lity 1o argae {11. 13} Insoluble melal. phosphates are formed which make the metal
unavailable. Organic substances such as glycollic acid, fulvic acid. humic’ acsd {44} .
arino-acids, elc. have metal- -binding properties and form complex heavy meial com-
‘pounds. !hereby making them unavailable also.

Blndmg of Metals on Cell Suriaces

Funchonal groups on algat cell surfaces are able lo bmd metal tons [11, 14, 15, 45, 46,
47). Lipids and polysaccharides which are celf wall constituents appear 1o be prefeired
sites for heavy melal interaction {11). The kpids and polysaccharidas conlain amino,
phosphate, carbonyl and cystemyl ligands which act as d:!!ussron barriers. Thé ligands
. also form sites for metat ion bfndnng ; :

" Twd maring species, Chlorelia st:gmamphora and Chlorelia salina weré monnored us-
ing ancdic stripping vouamezry {ASV) for the capacily of dissolved polysaccharides to
. bind copper, lead, cadmium and zinc {48}. The native poiyssachandes produced by
C. sligmatophora was highly charged and was efficient in‘metal complexing. The
- polyssdcharides of the other species were weakly charged and did not prove useful

“for metal binding. The binding ability of the first species was due’to the high uronic -

- content of ils polyssachar:des Heavy melals can also accumu!ale in sodium alginate

in Laminaria ,rapomca Fucus evanescens. Costaria coslala . Pelvelia wnghm and
Cysloseira crassipes {49]. The range of zinc concenlrations in tne algae was 100
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66.3 pgg*t and of copper was 2.4 - 59.0 ngg” dry weight. The zinc In the dry residue
of the algae ranged from 138 {o 250 pgg* dey residua. Carrageenan was found to be
a suitable binding agent for lead both in vitro and in vivo (50].

Extraceliutar poplypeptides, organic acids are also some extracellutar producfs of aigae
which are used to complex and thus amelicrate the toxic elfect of heavy melals {11).
" Phylochelation Complexes

. In studies on the deloxitication of heavy melals by microalgae, :lhe presence of a heavy
" metal binding protein was identified. Higher plants have been found lo synthesize a
series of cystéing-rich peplides, the phytochelatins, when exposed lo heavy metals

[51). When several species of diatoms , Chlorella, Euglena, Scenedesmus, Porphyridium .

and Sargassum were exposed 1o hieavy metals, they were observed lo synthesize the

- phytochelating [14]. The results showed that the ability to produce the phytochelating
was ubiquitous in algae and that all previously releired to ‘metal-binding proteins’ are
- ‘phytochetatin complexes. Tne formation of the. phytochelating are induced, and via
. enzymic polymer:zahon ol peptide precursors. This is thus the mechanism employed
. by algae in the amelioration ol heavy metal stress.

L Polyphosphate Bodies

Lead. cadmium and zinc can be mcorpOfaied in potyphosphate bodies in afgal cells
{52, 53). Metals incorporated this way may be transferred up the food-chain. Mobilization
of polyphosphales in phosphorus-poor waters would internally - mobilize the metal
eventually leading to death of the organism or release of the metal into the enwronmenl
Heavy melals may be immobilized in' the vacoules and be excreled back into lhe
environment . They may also cause changes in the cells such as reduced protein
synttiesis, chlorophyll content and pholosymheas as shown wnh Anacyshs nidufans and
Spsru!sna platensis [54} -

Chelation. to Phenols Located in Physodes

Adsorbed cadmium was tound to be localised in the physodes and celi walls in the
outer layer of Fucus vesiculosus {55): Physodes are small ight-refracting bodies in algal
cells. They contain fals, proteins, tannins, terpeneés, nllrogenous compounds, glycosides
and most importantly phiaroglucinol-tike polyphenols [56 57. 58, 59). This was shown
in studies using X-ray microanalysis in the electron microscope. Physodes in Fucus
vesiculosus were found 1o contain hpgh_amounis of phenol {2 - 3% diy weight] [58).

Phenol content in Ascaphytium nodusum increases with age of tissue and increasing
salinity (9] However when lissues reached three-to four years, the accumulation of
phenols decreased. Fucus vesiculosus contain aboul 400% more phenols than
Ascophylivm. Phenols lrom these wo species had decreasing allinities for dnlterenl
divalent metals as follows : copper>lead>nickel>zinc>cobalt>cadmium. Phenols have -
highest affinity for copper. Pnenols were also accumulaled in soft vegetalwe apical
nads of plant susceptible to herbwo:y {60). This phenotypically plastic trait varies with
differences in photosynthetic achvﬂy of thalli and availabilty of nultients. Pheno! content .
in Fucus vesiculosus was found to increase under nitrogen deficiency which suppiessés
plant pemary production (61). Phenclic content however was not correlated to carbon

content bul was negahvely correlaled to the mtrogen carbon ralio. :
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USE OF ALGAE AS BIOMONITORS OF HEAVY METALS IN MALAYSIA-

Information on heavy melal contaminalion in the Malaysian environment has been on
the increase in the last decade, with the increasing awareness of toxic and hazardous
poliution. Heavy metal poliution in our rivers and coaslal waters [62 63, 64, 65) and
marine resources (66, 87, 68, 69, 70} is being assessed.

! Coaslal monitoring of Peninsutar Malaysian walers gave resuils with régéfd to heav:y
metal contamination as shown in-Table 2 {?l] s

Tab!e 2 Heavy Melal Concenlrat:ons in Maldys:an Walers :

e e m b - e

‘ L o ' Metal - : o 'Range (ppm) _
lead S ' 0.02 - 076
" cadmium - 0.14 - 067
mercury ' : 0.0002 - 0.21
chromium ' 001 - 038
_ copper ' © 0013 - 084
nicket o 0016 - 084 . ' |
arsenic - 608 - 060 - !

U - : PN —e

Seaweeds or the marine macroalgae havé many advantages over other biological
monitors for heavy metals. They do not regulate or mit the uptake of héavy melals
- {18] . They can accumulate heavy metals to very high | levels wilhout damage. Being
. altached and benthic, they can be used for long-teim monitoring of environmenial
conditions. 1n the temperate waters, the commonly used species for heavy melta's de-
tection and ménitoring include Fucus vesiculosos, Ascophyllunt nodosum, Enteromorpha
- and Ulva fasciata (18, 72, 73]. A large slote of information exists on the influence of
heavy melals on these species, Lheir tolerance, mechanisms and rates of uptake of the

. metals and the toxicity effects. A mathematical-mode! for uplake of heavy metals by

" Ascophyllum riodosum {72] as well as a mass transpol model for melal uptake by
.~ Ulva fasciala grown: at different rates [74] have been tested.

Companluvety very littte work has been carried out on heavy melal accumulat:on by
tropical seaweads: Much of the work has been conducled in India [21] while a lew
_isolated reports on the use ol Ulva reliculala are from Malaysia {69, 74, 75]. Uiva
" reticulata was exposed 1o cadmium, chromium, cobalt, lead, zinc, manganese and
nickel at concentrations of 50, 100, 200, 300 and 500 ppm over 48 hours (74]. The
" bioconcentralion factor for the 50 and 500 ppm concentiations were 36 and 21 times
for cadmium, 18 and 11 times lor chrofmium, 136 and 23 limes fro cobalt, 124 and 24
“limes lor lead, 48 and 4 times lor zinc, 144 and 35 limes for manganese and 148 and
10 times for nicke! respectively. Table 3 gives the content of the heavy metals in some
Malaysian algaé. Table 4 gives the heavy melal con!enl in lemperate walers and tem-
- perate seaweed spemes lor compar:son ;
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Table 3 Heavy Metal Contents of Some Malaysian Seaweeds [69]

{ Algas cd Cs Cu Fo Pb Zn
t {rgg' dry weight)
CYANOPHYTA
Pelagothrix clovei  4.73 17.03 378 94600 1703 3803
- RHODOPHYTA - ‘ |
" Acanthophora - 7.15 ‘lace - trace - 486.29 572 3432
" orienlalis | . o - '
Gracilaria sp. ~ 1317 4243 1053 63192 - 3160 63.19
Hypnea sp. = 3.74 wace = ‘lrace  1008.50 = 44.83 5977
Jania sp. 901 18.02 4.50 87867 = 2029 27.04
Laurencia sp; - 593 2133 474  1007.23 830  14.22
T PHAEOPHYTA ' A _ _ _
. Colpomenia 563 . 901 . 450 - 844500 901 27.02
. sinousa SRR i _ .- :
‘Dictyota -~ 1382 lLace | 49.74 1547392 4974 21000,
bartaytesti S ' & . o
_Padina tenuis . 7.1t 2560 569 332772 . 1706 . 4551
‘Sargassum greviliei .44 - 1061 515 7 34784 - 6.15 15.46
CHLOROPHYTA I B R
Cauvierpa racemosa 1028 - 54.83 - 6.85 5106.23 41192 - 1197
Cladophora 925 . 3330  7.40 473543 . 1295 3885
fascicularis _ ‘ . _ o Do
Ealeromorpha 1632 5877 2612 7117.26 68.77 10447 |
flexousa o . S SR
Valonia fastigiata  10.43 wace ~ 1669  5821.08 1461 - 47.99
Valoniopsis 8,29 trace 11.05 1381600  19.34 58.03
pachynerna _ _ ) ’ :
Concentrations below - 018 _b'elow “below ¢ T0.18 0.0{i
- in: sea water detect. . . detec. | delec. :
- {ppm) level s R lev:el o lavel _ L
Cisedimenl . 2500 1750 .90 - 17800 3350 © 8925

at icm depth {ppm)
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Tabla 4 Heavy Melal Contents ol Some Temperate Seaweeds (2]

Algae Cd ﬁ 'Cr_ __“u Cu Fe - Pb : ;:
: (11gg* dry weight)

'RHODOPHNTA 086 - | 128 2809 | - 82
Porphyra “sp. 097 - 233 as00 '1‘:3.5" R

..PHAEOPHYTA | | o

Fucus 2100 450 43 204 - 32 s
vesiculosus : : : S
Ascophylfum 160 - - 96.00 0 22 218
- nodosum - :

' Laminaria digitata 430 - 3600 - a0 20 |
cmdnoﬁMA - RS |

: En}eronldrphé-sb.: ‘13._(.30 BRSSP 65.60': e 1200 1820
U'fva_iac:uéa _ 2000 - ': :26.00 - 13.00 160

i .
The use of bm!oglcat indicators in_pollution momtonng is ganmng importance. Il can be
developed further to presen( a trealmenl system for heavy metal discharges, where the
“marine macroalgae are ulitized 16 remove heavy mietals prior 1o their discharge. However
“much research has 1o be conducted to provide the Informahon needed The areas
‘where researchis requiced include: - :
(1) an mven!ory of the seaweeds in Ma!ay31an walers; -
(n) the ‘biology of focal species; . :
; {m) response ol local species to varying levels of heavy meltals; lolerance tevels |
- accumulation rates; excrelion rates; elfects ol physico-chemica) factors:
(iv) heavy metal content and contamination of our estuarine, coastal and open walers,
'(v) heavy metal conlent Of seaweeds, plankton and other marine fife in Malaysian
waters.
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Heavy Metal Accumulation Patterns in Selected

Seawecd Specics of Malaysia
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Abstract. Seaweads collected frons Malaysian walers were found o bicconceatrate beavy metals lo high levels.
Seven species; Chaelomorpha lirivm, Podina tetrastomofiva,”Smgasswn baccvlaria, S. siliquosws, Gracilaria
changli, G.edulis and G.solicornia, were uted in static studies to characterise the  heavy metal accumulation
pattems in the seaweeds. This was done by incubeling the seaneeds in a range of metal coaceatrations in gea
" water and by determining the metal content, at fixed time intervals, in the seaweeds over a 24 h éxposure period.
¢ Five metal accumulation palterns wers observed in this study : Pattern (13 An initial l'apld uptake, followed by a
- gradual accumula::on G 24 b (2) A continuous gradual accumulation pattern for the eptire 24 b ; (3) Aq initia)
rapid uptake, folloved by a telease-uplake pattern before a steady state conczolration of gradual accumulation

o Edwards,

cootinued till 24 h; (4} An alternating uptake-release pattero thmughout the 24 h; (5) An 1mual net acty mulatwe
- pattern, fotlowed hy a coatinugus teg.llalory discharge till 24 h -

INTRODUCTION

Seaweeds fulfill several selection criteda of good
biemonitors listed by Rainbow & Phillips (1993),
makmg them cost- effective monitors of bioavailable
maetals in marine waters.

“Seaweeds ate used to quanufy heavy metal
bicavailability in temperate waters: {Seeliger &
_ 1977; Methuos et al, 1978; "Bryan,

1983). Metal content in seawiceds from the tropical
region have been reported '(Denton. & Burdon-
Jones, 1986; He, 1987; Ganesan ¢t af, 1991;
Kure&shy, 1991 Kesava Rao, 1992, Rajmdran
¢ al, 1993, <Karcz el al, 1994;. Shez]a ef al,
1594).

"In Malaysia, a survey of the heavy metal
content in seaweads - showed that of sixty-four
seaweed samples (belonging to 21 - spexits)
analysed, some were found to be potential

biotogical indicators - of selected heavy metals -
(Sheda et al,1994). These :species had. high

accumulation of the heavy metals) The content$ of

© Fe, Zn, Mn, Cd, Cuy, Cr and Pb in the seaweed .

. tissues fange from 100- 5225, 45-135,85 -

1209, 1.0 - 50,10+ 125, 0.5 - ZISa.ndZZO-‘

218 pg/g dryv.ﬁgﬁt respcctnvely

To be useful as bwmomtors seav.e:eds
-should be strong net’ accumulators’ of £ the metals
conceried and should not regulate the total
concentration -of an element in the body tissues

when exposed to differont melal bioavailabilities
(Rainbow ' & Phillips, '1993). - A net. metal

. accumulation pattern results wheén seawesds are =

unable to match rates of excretion of metals to rates

- of uptake (Rainbow et al., 1990). In field surveys,
- the metal accumilated by seaweads i34 tmee
integrated measure of the supply of bioavailable

mefal and :may not necessanly - “correlaté with
average ambiont metal concentration over & recent
timé period. Seaweods respond essentially to
dissolved metal sources only. Despite the relatively
low concentrations of melals in the surrounding
mmomnmt, seawedds tzke up and ‘accumulate
them in tisiues o concentrations which are many
otders ‘of magmtude above ambiet levels. This
makes the organism fall along a gradient of metal
accumulation strategies from regulators, through
partial regulators, weak het accumulators and |
strong net accumulators (Rainbow, 1993),

- The charackerisation of Malaysian seaweed
species based on metal accumidation abilities and

* Conesponding author mailing sddress:

lnsim.rte of

Advanced Studiss,” Umvcmty of Mehya 59109, . Kuala
© Lumpus, Malsysu Tel; 603.7594610) Fax: 603< 7568940,

E mail: hlphangs@ccan edumy
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strategies would  assist | in - the selection of
biomonitors for use under local conditions,

In this paper the accumulation of four
heavy metals (Cu, Zn, Mn and Cd) in seven
seawood species in the course of 24 h exposure was
“studied to .charadterise the maal accumulalion
pattems. The pattems would suggest the
- aceumulation steategies hence explaining the uptake
mechanisms.

" MATERIALS AND METHODS

Seven species from three classes of seaweods were
used in this study {as shown in Table 1).
Preparation of seaweeds and seawater. Healthy
plants were collacted from the sites at low tide.
Seaweads were carefully removed and specimens
were placed in plastic bags and stored in the shade
unti! they were brought back to the laboratery on
the same day. In the laboratory, the seaweeds were
cleaned thoroughly with seawater to’ wash off
associated epiphytes and debrs. Seawater for the
experiments was collected from a non-poliuted
" source. The seawater was filtered through 0.45uM
Milipote Membrane filters. Cleaned seaweeds
were conditioned in filtered seawater in acrated
plastic aquaria. The aquaria were placed on lighted
shelves with an %verige light intensity of 33.65
Cpmol photon m® with 12:12 h Light-Darsk
cycle, With average water {emperature of 28°C.
Each aquirum had been washtd in 20% nitric
acid.
" Metal range derermmauon studies. . The seven
scaweed species were exposed to a range (1, 5,
.10, 20, 50 and 100 mgl” ) of the test metals in a
- 24 h static toxicity test. Results mdxialed that at

Table 1: Seawead sp:c.:i's and col!oc(ioa sites

o CUSO&{ &0 ZnSO1

_hours, Bea

“the
- Seaweed | samp'les were throughly - washed in

there were -

Heavy meicls In Molaysiart seaweed o 291

no significant differences in g,romh (p < 0.05)
compared to the control In all the seawends and
metal tested. Growth in each seaweed was
determined - using  the following parameter;
Chaetomorpha finum - chlorophyll 2 content; -
Padina = tetrastomatica, - Sargassum - spp.,
Gracilaria spp. - dry weight ,
Test sofuiions.  Increasing concentrations of Cu,
Zn, Mn and Cd flom 0 {Control), 1, 5 and 10
mgl 1 ‘were prepared in filtered seawater (salinity
of 30 parts per t.housand ‘and pi of 8.2) with
0, MnCl
CdCl respectively. Concentrat mtnc acid
(Analar Grade) was used to dissolve any preaipitate -
formed (final pH of test solutions were as follows:
Cu cmoeneranons pH=6.5; . Zn concentrations,
pH=73 : ‘Mn concentrations, pH—S 0 ; cd
concenlrauons rH=7.8).
Uptake studies. 28 sets of static tests were
conducted, 1.8 Litres Qf the various Cu, Zn, Mn and
‘Cd concentrations were measured into acid-washed
2 L glass beakers, Every concentration was carricd
out in"duplicate. In each beaker 50 g of seawend
was -incubated ever an  exposure time of 24
3<ersl were illuminated with 33.65 pmel

hoton m (12:12 h Light-Dark cycle) tight at

' 28°C At ﬁxed tire intervals of exposure to the

metals, 3 g of the incubated ' seaweeds' weére
removed from each beaker, Water samples (10
ml) were also taken to monilor metal levels in
‘incubation * medium and ' stored at 10°C.

distilled-delonisad water and dried under dust

fréa conditions,
Analytical procedure.

Sufficient material to
give at least- 500 mg dry wt. of seaweeds were dried

:at 60°C for 4 hours and powdered in a blender. An
aliquot of 500 mg powdet of each seaweed sample

Seaweed Collection sitz o
Ch!oroph)u o .

Chastomorpha fin wnt (0 E. Muﬂllet)!(ueumg ( Port Dickson

Phaeophy!a : oo

Podina tetrastomotica (Hauc:() .+ "Porl Ditkson .

Sargas.mgﬂ .rrhqugnm {1.Agardh) . Port Dickson

Sargassum dacevltaria (derteas)C. Agardh i Po_it_DEcksoa

Rhodophyta

Gracilaria chongli Xia & Abbe-tt(Abbott Zhang ‘and XJa) Ca.rey Island, ‘Morﬂ: :
Grocilaria edulis (Gruelin) Silva Morib :
Graeilaria solicomia C.Agardh © Morb . :

—
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was . digested with 15 ml concentrated {Analar’

Grade) Nitric Acid, 2 slight medification of the
techaique by Say ef al.(1990). The digested sample
was then filterod through a filter paper (Whatman

filter ‘pagper No.d) and made up to 50 ml with -

distilled-deionised water. The resulting solutions
were stored in acid washed polyethylene botiles at

10°C. The concentrations of Cu, Zn, Mn2nd Cdin -

seaweeds were detennined by aspirating the
- samples to an Inductively-Coupled Plasma-Atomic

Emission Spectrometer - (ICP-AES) model 2000
. (BAIRD), with background correction (purifiad
.- argon gas as the plasma) and expressed as pg metal
© gt doy weight of seaweed. No detoctable amounts
© of Cu, Zn, Mn and Cd were found in the reagent
" blanks, Quality assurance procedures included
replicates, standard addition tests and analysis of
the certified refecence matedal NIES No.9
" Sargasso, Seawater samples were diluted 50 imes
before aspirating to the ICP-AES,

assurance  procedures - included replicates and

standard addﬂlon test. The va!ues were expressed .

as mg, metal I} of seawater.

gl

_ 12pid uptake was evident 2t all concentrabions of

Rxmnms,

. Mctai contents in seawee::l (;13 metal g -1
- dry w1, of scawecd) a{:d metal concenteations in
- seawater {mg metal I'! of seiwatér} reported at

cach time interval were ave:aged values from -
.duplicate samples. Standard deviations ranged from_

Szo%oflhemeans '

Metal uplake patterns
i Chaetomorpha linum

a) Cu uptake (se¢ Fig. 12} : An initial rap:d :

~ ‘uptake was observed at all conceritrations of Cu in
_ C. @inun. The initial rapid uptake, foliowed by a
gradual increase tili 24 h was observad, only at |
mgz b, At ‘other “concentrations a rele.ase-upl.ake
pauem was evident afler the initial uptake. Then
przdual accumulation continued till 24 h, At 24 b,
Cu content in tissugs increased in the fc!iom'ng
ordér of concentrations 1 1 <5 < 10 mg)”)

b) Zn uptake {see Fig. 1b) : An initial rap:d .

uptake of Zn, followed by a pradual atcumulation
till 24 h was only evident at 10 g} Vin € tinum,
At other concentrations, - 2 cominuous gradual
- accumilation pattemn for the entire 24 h was
~observed. At 24 h, Zn content in the tissues
increased in the follomng, order of concmlrauons
1<5<10mg”
_ Tig) Mn upmke (se¢ Fig. 1c) : An initial
rapid uptake was evident 2t all concentrations of
. Mn in C. Jinum This was followed by a2 gradual
increase at all concentrations of Mn throughout the

. - 24 h. Concentrations 2t 1 mz/t were higher than 5

Quality -
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mgil for latge pomm of the expenmmt A 24 h,
Ma content in tissues increased in the fol!omng
order of concentrations : 1<5 <10 mgl™.

d) Cd uptake (see Fig. 1d) 1 An initizl net
uptake was followed by a continuous regulatory

_ discharge pattem at all concentrations of Cd in C.

linum. At 24 h, Cd content in tissues increased in
the l‘?ilowmg order of concentrations 1 1 <5< 10

2. Padina feirastomatica
a) Cu uptake (sec Fig. 2a) An initial rapld

"uplake,  followed by a  release-uptake patiem

persisted before accumulation continued till 24 h at
alf concentrations of Cuin P. felrastomatica. At 24
h, Cu content in tissues increased in the following
order of concentrations 1 1< 35 < 10 mghl,

b) Zn uptake (see Fig. 2b) : An intial rapid
uptake, followed by a release-uptake pattem
peisisted at all concentrations of Zn in P
felrastomatica. Then  either 2 steady  state
concentration or gtadual increase continued 4}l 24
h. At 24 b, Zn content in tssues increased in the
foHomng order "of concentrations: 1 < 5 <10

<) Mn uplake (sce Fig. 2¢) : An initial

Mn in P. tefrastomatica. Then, a rcelease-uptake

- pattem persisted before accumulation continued G-

24 h, only at 10mgl™). At other concentrations,

“increasing Mn levels continued tilf 24 h 2fter the.

initial rapid uptake At 24 h, Mn content in lissuss

increased in the following order of concmu:ahons
1<5< 10 ma)

) Cd up(zke'(see Fig 2d): An initi2l rapid

' .up(ake was followed by gradual accumulation Gl

24 . h at -all | concentralions - of Cd in F
telrastomatica, Al 24 h, Cd coatent 'in’ hssues .

increased in the fo!lomng order of concmtral.nons
1<5<10mgl
3. Sargassum siliguosim and S. bacculoria

a) Cu uptake (see Fig. 3a & 4a) : Both
Sargassum species showed an inital 1apid uptake
which was followed by a celease-uptake paltemn at
all concenteations of Cu. Then, eithec a steady state -
concentration or gradual accumulation continued
till 24 k. At 24 h, Cu content in both seaweed
tissues. increased in the x’oliov.mg order of‘ :
concentrations ; 1<5 <10 mgl’

:b}  Zn uptake (sec Fig. 3b & 4b) : - Aa

" initial rapid uptake was followed by a gradual

accumulation throughowt the 24 h at ' all

_eoncentrations of Zn fxccpt at ) mgi! in 8§
“siliguosum. At | mg)

, this seawedd showed 2°
gradual accumulfation pattern for the entire 24 h. §.

“baceularia showed a similar accumulation pattem

as observed for Cu uptake. At 24 h, Zn content in
both the seawaed tissues increased in the folfo'mng
oider of contentrations 1 1 <5< 10 mgi
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¢} Mn uptake (see Fig. 3¢ & 4¢) : 8.
baceularia showed an initial rapld uptake which
was followed by # gradual accumulation pattern at
afl concentrations of Mn wheceas in S, sili upsut
this pattem was only observed st 10
other concentrations in 8. stliguesum, a continuous
pradual accumulation persisted during the entire 24
“h At 24 h, Mn content in both the seaweed tissues
increased in Uw‘fo!lcmng order of concentrations :
1<5<10mgl”

d) Cduplake {seoFig. 3d & 43) ¢ Anindtial

rapid vplake was observed at all concentrations of
Cd in both the species. This was followed by a
¢ gradual accumulation Eaucm tilt 24 b, only'in S.
slliguossm, while 8. baceularia showed either 8
steady state concentration or gradual increase. At
24 h, Cd cortent in both the seawesd tissues
increased in the following order of concentrations :
L1 <5< 10mghl
- 4. Gracilarla :hcmg!i y G ca‘u!i: and’ ‘G,
salicornia :
o 2) Cu uptake (see Fig. 5a 6a & 72} : An
* initial net accumulative pattem was foflowed bya
continuous regulatory dischargs throughout the 24
h at 'all  concentrations of Cu in the three

concentrations : 1< 5 < 10mg

b) Zn uptake (Soe }Fig Sb b & ) : An

initial net accumulative pattém, "followed by &
continuous  regulatory ducharge at - all
concentrationis of Zn was only observed in G.
chanfﬂ and G. edulis. G, sakicornla showed an
Cinitial 12pid uplake which was followed by 2
gradual increase throughout the 24 h. At 24 h, Zn
. content in all the species tissues increased in the
'fc-lio‘wns order of concentrations: 1 < S <10

€) Mn uptake (see Fig. S¢, 6¢ & 7(:} At
“al] concentrations of Mhn, the three | species showed
“an altemating upta'ke-telease throughout the 24 h.
At 24 h, Mn conlent in all the species tissues
decreased in l.he following ordes of cmcmtrauons
1<5<i0m
d) C uptake {s¢¢ Fig. 54,64 & d: G

changil showed an a}temaung uptako-release

pattem throughout the 24 h at ell concentrations of
Cd. But both G, edulis and G, seliconiia showed
‘an initial rapid uptake followed by a' ' gragual
accumulation till 29 h. At 24 b, Cd content in all
the species tissues increased in ‘hi follomng order
of concentrations: 1 <5 <10 mgl™t,

‘rapid uptake corresponds 1o passive

Heavy metalt bs Melgyslan seaweed m

DISCUSSION

“The present study showed that the patterns of

heavy metal sccurnufation 'in seaweods are mainfy
dependent on the metal and seaweod species, Five

. patterns of heavy metal sccummilation wese

observed,

Pattern 1 : An initiat rapid uptake.
folloundby&g.radual accumulation till 24 h. o

Pamrn 2: Agradual aw.:mulaum for the
entire 24 h. _

Patten 3 ¢ An initial rap:d upuke'
folowed by a release-uptake pattemn before a-

steady state concentration of gradual acmmtﬂzhm

continuad tit] 24 h,

Padtern 4 : An initial net au:u:mﬂauve
pattern, followed by ] conunuous tegulatory .

" discharge il 24 h.

Pattera 5 1 An al{ematmg upiako-rde:ase '
pattem throughout the 24 h,
- Pattemm 1, 2 and 3 are catt-gonsed 33 net
accumulative pat{ems Pattern 4 s a clear

* continuous regulatory process. Pattem 5 seems to

be 3 combination of the net accumulation pattern

. © and pattem 4. The findings of the 28 sets of
- species of Graeflaria. At 24 h, Cu content insll the -
species tissuss Increased in the {otlowu‘tg order of

experiments carried out are summarised in Table 2.

- ‘The effect of metal concentration on
gccuniulation patierms was only found in seaweods
with net accumulative pattems (as'shown in Tab!e

2).

ImuaI rapid  secumilation/uptake . was
evident in most of the patterins observed; the rapid
uplake occurted within the first hour of exposre.
‘The vptake of Zn in Padina gyrviospora Gfarez e
al,; 1994) and that of Cu, Mn, N, Pb and Za in
Sarga.s;um pallidunt: (T m{un and * Zolutukhina,
1994} has been shown to follow similar trend The
uptake
involving cell ‘surface adsorption and simple
d:ffusson into cells or intracellutar spaces (Karez ef

- 1994); identified ‘as first phase process. An
m:ual rapid accumulation Js followed by & slower
uptake; identified as second phase process, or in
some casés a continuons or  non-continuous
excretion {regulatory measures) in the seaweads.
Regulatory mechanisms of heavy metal ;ztalg

-have been reported in m:croalgae Ma

Sakaguchi 1990)

Htavy ruetal actumu)shon pattcms i iudmdua]
ecies

haetomorpha linum' . Four metal accumilation

. pattems were cbserved : i) An initial rapid uptake

‘Seawafer metal conteat

Metal  concentrations | in the  seawater

medivm of the 28 sets of experiments aré shown in’

Figures 8 - 14,

followed by increase throughout the 24 h ; i} A
rapid vptake followed by a release-uptake pattemn
before accumulation continued till 24 h ; iii) A
continyous gradual uptake paitem during the entire
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Table 2. Sumunary of the results of the 28 scis of experiments condueted in the study

Accumivtation Seawedd spocies )
pallein - - o
| Ci Pt S5 8o G¢ Ge Gs |
1 Sl Cutmgh Mn Za  Ma - Cd Zn
Zn(10mar'y  Cd Mn (10 mgihy* Ccd
Mn Cd
2 ' o za - Zallmgl™y* - ...
Ma -
L : Cu Cu . Cu Cu - . -
' Zn : Zn :
| Mn (10mp) )fi Cd
4 N - - < Ms Mn Mn
B : Cd
K 1 cd L - - Cu Cu Cu
‘ : : - Zn  Zn

. =l
* : Concenlration of metal specified; Cll:

. Chaelomorpha linum; P.A:

Padina telrastomatice; S s

o Sarga&sums:hqumum Sb: Sarga.ssum bucculanu Gc Graculnnurhnngn G2 Gracifaria edulis;

G'rc.u ilaria salicornia

24 h H w) A net uptake followed by a continuous
“régulatory discharge patterm. The first 3 patterns
are indicative of net accumulation.
“accumulative patterns were only ' observed [ for
exposures to.Cu, Za and Mn,  These pattems in C.
linun suggest the potential of high bioaccumatation
and wnregulation’ of metal uptake, Ganesan ef al

(1991) reported that Chaetomorpha antennina and

other *seawneds - readily. accumulate " Cu fiom
seawater and ‘could indicate the contaminaticn
Iesels High metal accumulation attributes to metal

ions Leing irreversibly held within cell wall matdx

of ihal]us {Kesava Rao, 1992).

After 24 h, ar all concentrations tested
mv’:{al codtent in tissues of C. finum increased with
increasing external metal concentrations, Wong ef
al. (1979), Ho (1987) and Rajondran ez al. (1993)
indicated that higher seawater metal levels lead to a
greater bicacovmulation of metals m se.:wceds
while v.orklng with Chaetoniorpha sp..

“Continuous regulatory discharge patlems

cbserved in this species when exposed to < Cd,

suggest a metal  excrelion micchanism \ahich
1esulted in reducing bioaccurmulated concentrations
in the tissues (Rainbow & Phillips, 1989).

Padina felrastomatica. . Two metal accumulation

"patterns were observed ;1) A rapid uptake followed -
( the 24 h;
#) An initis) rapid vptake followed by a releases

by © gradual inceease  throughout
“uptake patiein, before accumulation continued till

24 h. " The two patterns aré indicabive  of net

The- net.

Sargassum species,

'accumdlalion After 24 b, metal content in the

seaweod lissues increasad with increasing extem.ﬂ
mmi concentrations.

A similar study was caried out by Karez
e1 al (1994) using P. granospora exposed to Zn
for 48 h. The study showed that the meal could be

“strongly bound to cellular ‘sites with subsequent

release not possible. This resulted in 3 net

_accumu)ahon pattern for Zn in the species. The
study also showed that Zn accumulation increased -
with extemzl Za concentrations in seawater. The

‘author concluded that in the field, P. gymnospora
could mdu:ate the maximum ava:lable metal

. concentration in the water. Such accumulation

patterns could be due to the saturation of the -
regulation mechanism and this prevents excretion
of excess metal (Rambow elal, 1990). :
Beth  the  Sargassum
species in the present study showed a2 net meial
accumulation pattem for all the metals and metal

- concentrations tested, Three forms of net metal

accumulation patterns were observed ; i) An initial

~rapid " uplake fol!owed by gradual increase
3 i) A continuous gradual ¢

throughout the 24 h
uptake during the entite 24 h ; iii) A rapid uptake

* followed by a re!ease—uptake pattem before  a

steady state concentration or gradua! accumulation
continued,

Net accumulation pattems have 2lso beea
shown in Sargassum pallidum exposed to Cd, Cu,
Mn, MNi, Pb and Zn (Tropin and Zolutukhina,
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1994). Such accumulation patterns may be dus to
the strong polyanionic groups of the sulphated
. polysaccharides and alginic acid in  brown
seawceds,” Metal ions bind strongly. te the

* polyanionic groups and therefore, subsequent

release is not possible (Bryan, 1969).

After 24 h, metal contents in the seaweeds
increased  with ¢ increasing external * metal
concentrations. Such high accumulation abilities
and 2 non-regulative charactenstic in Sargassum in
response to metal ions suggest that Sargassunt is d
potential  indicator of -heavy metal poliution,
especially in teopical waters. In comparison, Fucus,
Lantinaria digitata and Ascophyllum nodosum ate
brown scaweeds that are commonly used in

tempesate regions in heavy metal studies and have .

been shown to be pood indicators of the
bioavailzble forms of metals in seawater {Bryan,
1959; Munda, 1932; Ho, 1984). ;
Gracilaria species - ’
In - Gracilaria, the following = metal

~ - accumidlation ‘pattems were shown: i) An initial
“rapid accumulation was followed by a gradual

‘increase throughout 24 h; ii) An altemating uplake-
relcase patter for the entire 24 h; iii) An initial net

- accumutation pattem was followed by a continuous |
* regulatory discharge throughout 24 h. The first

~“pattem is indicative of a net accumulation.
" After 24 h, the Mn contents in Gracilaria
increased . with  decreasing -~ extermal - Mn

concentrations. Such trends were not observed in

‘cther mietals tested. U
0 The  altemating  uptake-relcase  pattem
observed in Gracilaria spp. (Mn) and G, changii

(Cd) could be dug to a non-continuous regulatory.

Tmechanisti that serves lo maintain the ambient

tissue metal concentration (Rainbow ef al., 1990)."
On the othed hand, continuous regulatory pattems:

. weeé observed with Cu (all three species) and Zn
(only in G. changii). The continuous regulatory
pattems niay be due to excretion of excess melals
ta reduce the bicaccumulated metal concentrations
in seawends. :

In G. edulis (Cd) and G. salicontia (Zn

and Cd), metal uptake was probably not regulated
and Uus contribuied to - the net accumulation
pattems obseérved. Sich accumulation pattems are
advantageous if the seaweed is to be'used as a

- metal indicator as more metals can be absorbed.
. The high affinities for heavy metals in Gracilaria’
. is altnbuted to the high ¢ellular coatent of the.

~ polysaccharide that exist in red seaweeds (Munda
& Hudnik,199), - .

Comparison between species
The net adéumulation  pattems

Table 2), only in P, fetrestomatica, 8. sifiguosum

till 24 h.
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and S. baceularia. This observation suggests an
accumufation strategy that is similar within the
throe brown seaweeds. C. linwm  showed net
accurmglation pattems for  the metals exposed
except for Cd. Simitacty of accumulation strategy
is indicated for these Chlorophyta and Phacophyta.

~ exposed to Cu, Zn and Mn. The Gracilaria species -
* failed to show any net accumulation pattems for . ¢
' Mn and Cu. This suggests a similar accumulation @ -~ ©

steategy within the Gracilaria gonvs. .

CONCLUSION -

1. This study revealed five pattems of heavy
metal accunulation in the Malaysian scaweceds
tested; : S

Patteru T : An initial rapid uptake, followed
by a gradual accumulation tilf 24 h.

Paltern . 2 1 A continuous’ gradual
accumulation pattemn for the ‘entire 24 h.

“Patterut 3 01 An initial tapid uptake, followed |

" by a release-uptake pattern before a steady state

concentration or gradual accumulation continued

© Pattern - 4 @ An initial net accumulalive
pattem, followed by a continuous - regulatocy
discharge till 24 h. o -
Pattera 5 @ An altemating uplake-release
pattem throughout the 24 h. ' :

2. Pattems 12 and 3 are grouped 3s net

accumulative patterns on the whole, witle patiern 4

is a clear indication of a regulatory process.

3. Both the net accomulation pattems and the
increasing trends obtained between metal content in

 seaweed tissues and external metal ‘concentrations,
- suggest the following | seaweods as potential

indicators of the selected heavy metals ',

Indicator Metal
Chaetomorpha linum Cu, Zn and Mn
Padina tetrastomalica Cu, Zn, Mnand Cd -
Sargassum siliquesim Cu, Zn, Mn and Cd
Sargassum baccularia Cu, Zn, Mn and Cd
Gracilaria edulis Cd

Gracilaria salicornia Zn and Cd

“were |
observed for the four mictals tested {as shoun in-

4. The occurrence of ~ continuous  metal

“regulatory in seaweads in this study is summarised

‘below . o

- Seawexd : . Regulated métal
CColinem S Cd

'G. ¢hangii - Cuand Zn

G. edulis " CuandZn

G. _Fsi'zﬁcémfa “Cu
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Toxicity of four heavy metals on four economically Important troplcal.

phytoplankton specles

Melor Ismali, Slew-Mol Phang and Soo-Loong Tong

Inslitute of Advanced Studiss, University of Malaya, 58100 Kvala Lumpur,

Malaysia

Anincrease in the incidence of heavy metal pollution in the Malaysian marine
environmenl largely due lo induslial activilies has resulted in levels exceeding

~ the Proposed Inlerim Standards for Marine Water Quality. Toxicity tasts were

conducted lo measure the chronic loxicity of cadmium, copper, manganese and
arseniclo four economicallyimpontant, lecal and lropicat marine phytoplanklon:
Chaeloceros calcitrans, Isochrysis galbana, Telraselmis telrahele and
Nannochlorapsis ocufata . Phytoplanklon, being primary producers are highly

- relevant for the assessment of polential effects in the environment. The

phyloplankton- growth tesls were caried out at 28£1.0°C, using synthetic
seawaler {pH 8.0£0.5 and salinity 30+2.0ppt}, under continuous illumlnation of
50.4 pmolrn*s‘ Growih was estimated by OD measurements and cell counis

- in 86 hour static toxicity lests, Growlh (mcrease in OD and cell number) relative
“tolhe control enabled the determination of IC_; : the inhibition concentration of
" metal eshmated to cause a 50% reduclionin growth of phyteplankton relative to
-+ the control. Generally. for all species tested, the sequence in metal toxicity was

Cut» Cd? > Mn?* > As*. The algae were alt sensitive to copper but relatively
tolerant to manganese and arsenic. C. calcitrans and /. galbana were more
sensitive to cadrmum lhan T. tetrahele and N, oculata. Cadmium chloride was

- usedasthe re!erence toxicant in alf toxicity tests. The cadmium I(govaluestor
“G.calcilrans, |. ga!b;'na T, relraheleand N. ocu!ala are 0.l ppm, 0,1 ppm,

11.2ppmand 5.8 ppm respechvely Sensitive strains will be useful blomdlcators

of heavy metal poiluhon while the tolerant ones will be useful in long term
monltonng
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Biosorption Of Cadmium And Copper By Sargasum Baccilaria

Hashim, M.A. ; Phang S.M.; Chu K H. Vijayalakshmi S
Institut Pengajian Tingg,
Universiti Mataya, 59100 Kuala Lumpur -

CABSTRACT |

- The biomass of non:!iw'ng. dried brown marine elga Sargassin I'Jac'c‘ul:ai:'a dm:oaﬁrrhréd
= h.igh equilibrium uptake of cadmium and copper from aqueons solutions. Adsorpﬁon of fh-es'e nieials

“was - quantitatively evaliated using theiang&mir adsorption isotherm Maxintum céd;fnir:m':nnd
" copper adsorption capacity of this biomass was 84.4 mg Cdg biomass and 63.3 mg:C'ufzg biomass

" respretiveli

The accelerated pace of mdusmahzatton in Malaysia has increased the nunmber of poliuting
5sources and pollution levels. Currently, there is a v.ldespread problem in the lrca(menl s!orage and
- disposal of waste conlmmm’ heavy metals The metal ﬂmshmg mdustry mpped ihe list by contributing
543 7% of the nauons total t0\|c and hazardous waste in 1985 (DOETH, 1987). Althouigh treatment
_facahnes have_ been installed in ‘medium to targe-scale industries, in compliance to the Environmental
Quality: {Scheduled Wastes) Regulations (Govi: of .Mahysia,- 1989), the small scale indusiries are
unable to do so due to financial constraints.” As such these is an ur=g_ent need for a cost-effcctive

treatment systemn for toxic metal removal,

Algac have been uscd as bloioglcal indicators for heavy metal poliution (Phang, 1993). '

Rec-,n!h Iherc has been an m!en.st in employng dead biomass of algae for b:sorplmn of heavy metals

* ‘a5 a formy of wastewater ueatmenl method. The charged functional groups on the 1!gal surface can acl :

as a biological zon-exchangc resin and subsequently this technology can replace the commercial ion-

cxchange material which is not economical especially for dilute wastwaters.

. Brox\n seaweed Sargassmn bamdana was hanesled from Cape Rachado in Port Dickson,

| washed, dried and ground to produce biomass particles nieasuring bet\\een 500- 710 mictons. Batch,
: adsorpnon cxpcnmems were perfomxed in IOO mi Erleameyer flasks cmploymg 0.1 g biomass in a
sencs of mhtal soluuon (50 W within the conccn!rauon range of -50- 400 mg/ml. The pH of thc
sotuhons were 3.0, Metal-free and biomass- free conlro1s \\ere also set up. Separauon of the blomass :

: from the test soiuuon was by filtration, usmg cellu!osc aceiate membrane filters (0 43 micion pore s1ze)
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and a 20 m} disposable syringe. The filteates were difuted accordingly and subject to metal analysis by
the ICP-AES method.

In esder to understangd the biosorption phenomenon, critical adsorption parameters
such as the solution pH and the kinctics were investigated. The solution pH is important as it
- deteamines the metal speciation and the chemical state of the functional groups responsible for metal
 binding on the aleal surface. The cquilibﬁ'um data for cadimium and copper adsorption under \arious '
initial pH values has been prcscn(cd in lhe fom1 of the Langnwir isotherms in Figures | and 2. The

Langmmr equation is as follows:
3 x(.qﬁu‘k ch ) ¥ ( t+k C,q )

“whire qlcq is the solid phase equilibrivm metal concentration (mmol/g biomass), Ceq-is the liquid phase
equilibrium metal concenteation (mM); Qmax 2nd k (mM) are the model paranicters which represent

the maximum adsoiption capacity and the Langmuir equilibrium constant, respectively.

The cor'rehiion'cocmci'cms clal'c'ulaicd' for these isoshérhxs‘ .salisfact'o:iiy (> 0.9) indicate that the
1dsorpuon data’ follow the Langmuir. model. " The general trend for both the metals is thal with
mc:casmg pH the :qc,q values also i mcrf:as-° Optinial pH for cadmium 'md copper adsorplion was foun&
to be pH 5.0, '

' Thc:i's_ocic'cuic paint for algal surfaces is pli~3 and at values Izig;lae_.r than this the surfacé
¢ decquires a gt negative :ha‘r'gf: through t_h;: loss of pmtohﬁ (Crist et al, 1981). This condition promiotes :

?dso'rp!idn-\\hc:cb:\' ihc.pdsitix'e ions CdZJ'and. Cﬁ“c]éctros{aticalb' bind to the negatively chaiged . .
sutface. Funcuonal groups rcspons:b!c for meial bmdmg on the surface are the unprotonated carbc»\)l
oxygen and sulphate gmups of algal polysaccharides! The low bmdmg that occurred at pH 2.0 was dut
to specific adsorption, which is independent of the surface charge of the biomass sorface. Such bonds
are formed by the metal ions with amino and carboxy! groups, the imidazole of histidine and the

nitrogen and oxyeen of the peptide bond, all of which are part of the cell wall profein components.

}uﬂctlcs of nwtnl adsorpnon was mcshga!cd as a shoit cquul:bnum time beu\c‘n the \\.1slc
eftucnt and the blomass is hnghI} desirable for treatment plants. The contact time also dclennmcs the
srzc of the eqmpmcnl (rcac!or) \rhich in tur afTects the cap:!:ﬂ and operating costs of the process‘ The
fime taken to nach ethbnum for cadnuum and copper adsorplion are 60 mmules and 2 hours

uspccn\ch
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