CHAPTER II

LITERATURE REVIEW

Plant cell wall \\\\ ,///

The most 1mportw d@lnme cells of plants from those of

animals is the cell wall{ S 11 '%ellulm contents and limits cell

size. It also has imp

roles in the life of the plant,

being involved in tras e plant cell wall varies in

composition and structufe i rdancewi \( df)i‘aental stages of difference cell

.‘-’

call microfitrillated cellulbse V;hiéh fo ..-- the structural framework of the wall. In

spec1ﬁc cell wall com --------- ith relation to special tunctions. For example, some

enﬁth of cellulose. L1gn1n serves

to harden and stiffen thc walls ; the Ppldermal cell wall are impregnated with waxes

such as cutmﬁauﬁ ma aﬁ(ﬂ Aﬂﬁf%ﬁﬂ‘ﬁ loss and to provide a

mechanical barrjér to bacteiia, fungl and insects. (Wemer 1995)
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complex qﬂ eco described €r of investigators

Lave attempted to produce models of the whole cell wall. One of the model which is
probably possible recently is a model showing a number of network in cell wall
which, when superimposed upon one another, interact further to give rise to the whole
complex structure. A number of such networks are outline in figure 2.1 The result
obtained by superimposition of all the networks likely to be found in one cell type will

be of enormous complexity. This is because it will encompass not only the
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interrelationships between the matrix molecules and cellulose microfibrils, but also

the interactions of the matrix components with each other.

cellulose
microfibril

Figure 2.1 : all model showing the way in which lignin phenolics
' the cellulose microfibrils, thus

micable cell wall (Brett and Waldron,

Cellulese

ic substance in cell walls of

higher plants. ﬁﬁ)ﬁiﬂﬂ m 4 2 %), oxygen (49.55
%) and hydro s'a olecules condensed and

The cellulose the first most abundant of org

AR T

the hlghest degree of polymerization (DP) and is the chief constituent of

lignocellulosic materials. The B and y forms have much lower DP and arc known as
hemicellulose (Hebeish et al., 1981).
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Crosslinked-cellulose

Cellulose can be chemically cross-linked by any reagent containing at least
two functional groups capable of reacting with alcohol groups. In this reaction with
acidic formaldehyde, the methylene ether crosslinks take plabe predominantly between
the secondary hydroxyl groups of cellulose, according to Figure 2.4. However, not all




the formaldehyde is used in linking adjacent chain molecules; some react with two

hydroxyl groups in the same chain molecule. (Preston, 1986)

2R,,,OH + HCHO —=*— R_,,0OCH,OR,,, + H,0

cel

Figure 2.4 : Cross-link %‘W n cellulose and formaldehyde
W

This is to be exgmﬁce thie c@g reaction takes place in highly
disorder regions. Besi N ‘MO
. . e

results in a measurab

se hydroxyls, such-a change

freedom of movem

(Hebeish, 1981 ; Pres

reagents can be made to react™ 1
L A MIA T

intreduce ionic groups into the polymer c

differ from the latter 9 or %mple, the cellulose matrix is
hydrophilic in contrast te ge hydrophobiﬁjynthetic resin matrix. As a resuli of the

fibre propertiﬁl%dlﬁl})@ i%o&%fwg-% ﬁ hydrogen bridges. This

leads to rapid &¥change and to a higher capacity for large molecules in spite of the
P

smalloﬁbﬁﬁ mmam cﬁ%lﬁﬁ%ﬁrﬁ;ﬂd with synthetic

ion exchange resins. For developing of this ion exchanger for commercial, Serva-

cellulose ion exchangers were the first to be manufactured and sold in large quantities,
and they consequently contributed to the wide acceptance and successful use of these
exchanger types. The large production prcgram for acid and basic types, with their

most important properties data, is listed in table 2.1 (Dorfer, 1977).




Table 2.1 : Serva-Cellulose ion exchangers (CE = cation exchanger, AE = anion exchanger)

Frevailing
Name Ton exchanging group Properties Capacity particle size
' (meg/g) (0]

CM-Cellulose -OCH,COOH CE, weak acid 062+1 T 50 - 200
P-Cellulose -OPOsH; CE, medium acid 0.8-0.9 50 -200
SE-Cellulose -OC,H4SOsH 02-03 50 - 200
DEAE-Cellulose -OC;H4N(CzHs) 0.4-0.55 50 - 200
TEAE-Cellulose -OC,HsN'Br W, ; \ ‘ 0.55-0.75 50 - 200
PAB-Cellulose -OCH,CgHl A 0.15-0.2 50 -200
ECTEOLA-Cellulose unknow / ak base 0.3-04 50 - 200
AE-Cellulose OC:M AE, weak base 033+0.1 50 - 200
BD-Cellulose ' : \E, medium basc 0.8 £0.05 50 - 200
GE-Cellulose ‘ \ \* 02-03 50 - 200
BND-Cellulose 0.8 £0.05 50-200

Source : Dorfer, 1977

Lignin

‘ 3 ‘ . . .
[t ccmmonly has besen St ‘plant polymer lignin is the second most

abundant organic cempo ofi-carihy and’ ellulose is the only other organic
substance present 1’ ------------------------- , ties: than lignin (Crawford, 1981).
Aimost plants consist mo ! s,aamely, guaiacyl, syringyl, and

p-hydroxyphenyl mmetls,s (Figure 2.5).
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Figure 2.5 : Chemical structure of lignin constituents.
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Lignocellulosic materials

The biosphere ’s ability to produce enormous quantities of lignocellulosic
materials is the driving force for life on earth. However, this capability has been
explorted by humankind in the development of large lignocellulosic-based industries.
Chief among these industries are agriculture, lumbering and paper making. All these

industries produce either dlrec .indirectly astronomical quantities of

lignocellulosic waste materi s ese wastes often go largely unused

'@ch as bark, straw, sawdust, corn

ater hyacinth. However, for
‘¢ valuab some extent for soil erosion
= In Wasiewa

natural resources and rep
cob and bagasse incl
ecosystem, these a
control and soil nutrie eatment studies, these wastes
have been reported t

wastewaters (Crawford,
Water hyacinth P

Water hyacinth is a corh‘mm n@a i)arennial tropical, aquatic herb, of
the fainily Potedanaffae Thxsiét'bhay%hy Southern U.S. and in Australia

but the native area" ; e - W 3j It is a free floating aquatic
as spread througt 0 cluding Thailand. The free-

floating plant body compnses of a shoot that 1nc des branched, stoloniferous,
rhizome, wit roots hanging in water
(Figure 2.6). mﬁﬂ? mm‘?mmﬁmy quite showy. It has a
high r. iv gﬁ ti 3 wide ecological
amph:ieﬁﬁam‘ﬁ 13‘1% 211 ﬁg‘lﬁlﬁ 10st prolific plant

species in lake, rivers, and canals of many countries. Growth rates exceed dry biomass

flowering plant wh1c|

production of any terrestrial, saltwates, or freshwater vascular macrophyte (Wolverton
and McDonald, 1978). Environmenta! harm from large water hyacinth populations is
degraded water quality and drastic changes in plant and animal communities. Light
and oxygen diffusion are severely curtailed by the floating plant (Gopal, 1987), and
water movement can be reduced by 40-95 % (Bogart, 1949).




11

Mechanical controls are used where herbicides are inappropriate but have
proved too expensive and too slow to keep pace with water hyacinth growth on a large
scale. Several methods such as log booms and barriers, conveyor belts and grapples,
toxic sodium arsenite, crusher-boats, blighted worms, and herbicides have been used
to eradicate water hyacinth. None of these methods is practical on a large scale. When

water hyacinth populations were decr after herbicide applications, alligator weed
expanded (Schmitz et al., 1993 ;\\\‘af

— 4 — .
determine the best my tro forjﬂus.sg&ms (Akbay et al., 1988). Four

biological control age Ecie: "\:Qd been dispersed in Florida. Although
§ O 1 % em 10.C 1 or prevent further spread of

d diquat are effective controls of

they may stress water 1

70% of water hyacinth plant-bii_ahfé‘s_é; and the leaf turnover rate can range from 60 to
' .

70%/m0n[11. The G 5iiililirl;1 llali-al—lil‘.-iill:l:===;= -:}!; biomaSS Of the pla.ntS arc

killed at once, can usﬁ.\ | the oxygen : ‘ e resulting anoxia from such

. V:‘ . | .
detritus can enhance the release of phosphorus into tilé water during decomposition.

The additional-detri ‘ﬁh i ai ‘ yacinth mats is believed
to burden th:@]sﬁﬂ ﬁﬁ(ﬂ ﬂﬂnﬁﬁonsequenﬂy, because of
the rapid gr rate and high evapotranspiratiéi rate of water®hyacinth, populations
of tlﬁﬁlﬁﬁ&s&ahiﬁﬂoﬁaaaw xEJtaql ad%,lobably for toxic

organic compounds, which may pose some risk for an endangered aquatic species.
Further study is needed to determine overall ecological effects of water hyacinth
invasions on the dynamics of plankton communities (Schmitz et al., 1993)

The root at the edges of water hyacinth mats support many invertebrates
(O’Hara, 1967 ; Schram et al., 1987). At least seven fish species are associated with

water hyacinth habitat in Florida (Hansen et al., 1971). In contrast, spawning areas for

fishes are reduced by water hyacinth mats, and their dead masses shade out benthic
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communities and can nearly block the diffusion of oxygen through the water
atmosphere interface. Low oxygen concentrations underneath water hyacinth mats can
kill fishes (Timmer and Weldon, 1967). Drifting mats of water hyacinth often smother
beds of subinersed vegetation and overwhelm marginal plants that are important to
waterflow (Tabita and Woods, 1962 ; Chesnut and Barman, 1974). In Louisiana, water
hyacinth completely eliminated resid h populations in small lakes (Gowanloch,
1945). v//

From describe ah&‘ w111 ded that water hyacinth is a

lignocellulosic source s , tities and low cost. Many of
control methods of thi v ot § “s % ly and may deteriorate regional

for ideal material by using in

aquatic’s ecological s
q -

heavy metal ions remo

3
)

Figure 2.6 : Water hyacinth (Eichhornia Crassipes)
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Composition of water hyacinth
The water hyacinth composes of cellulose, lignin and various substances such
as pentosan and nutrient trace metals. The proximate composition of this plant tissue

shows a fairly high cellulose content but the lignin content is rather low (Table 2.2).

Table 2.2 : Proximate composition of w rr hyacinth tissues

Baruah, Pranee,

1981 1989

Paramete17' j brotowet.al., 1983

Shoots Total

% Ash dry wt. 18.4 20-21
% Silica - .
% Cold water soluble riatter 179 6, 10 ) 15.7 -
% Hot water solubie matter * = ; {2 k 3 17.0 "
1 % NaOH soiubil A 46.8 .
Alcohol-Benzene (1:2)-soluble——13:65———4:7%: 4 10.6 .
% Pentosan ) | 142 1415
% Lignin 8.67 6.02 7.42 6.7 12-13

¢

% Total celln.ﬁlru EJ fj' w HW%J Wﬂ ,] ﬂl? - 43-44

- AEaNI M IINENat

Water hyacinth for heavy metal removal

It has been reported that water hyacinth tissue contains both nutrient solution
and large amount of one or more heavy metals. This plant tissue accumulates from its
environment a variety of heavy metals like irons, manganese, zinc, aluminum,
cadmium, lead, mercury, nickel, cobalt, strontium, chromium and copper. This result

demonstrates the possibility of using the plant for their removal from different kinds
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of effluents (Gobal, 1987). The mechanism  of heavy metals sorption by
lignocellulosic produced from water hyacinth should be ion exchange, adsorption and
chelate formation. The main mechanism of sorption is far as to conclude or indicate
certainiy. However, considering with main composition of lignocellulosic of water

hyacinth according to table 2.2, it found that the related mechanism should be ion

exchange that can be attributed to \#;W ence of phenolic and hydroxylic groups in

&als associated with cellulose, such as

84) The chelate formation and

which exist the cellulose ma 'mo\
hemicellulose (Maranon, %

adsorption mechanism

ai

alcohols, aldehydes,

ess. (Coupal and Lalancette,

# l‘gwr chelating substances such as
hc h and ethers. These compounds
ng of adsorption

Metals that are naturally in rodieed into @r come primarily from such sources as
rock weathering, soil erosioﬂ}?&ﬁﬁlé?m of water-scluble salts. Waturally
A ,

occurring metals independently of human

activities, usually witl er, as the industrialized zone

\%
were settled and, the 1etals added by human activ 1*1erave affected the water quality
of the neighb ;jklver (Garbarino et al.,
1995). Qomeﬂluﬂr:lvmyﬂ gipro;f17 metabolism in all living
organi at rati m ﬁ E—I)ught of as non-
essentli:ﬁ;‘la }ffbl: ?\fn 1]) Ej‘ﬁ

LIeavy metals are transported as either dissolved species in water or as an

integral part of suspended sediments. Heavy metals may be volatilized to the
atmosphere or stored in riverbed sediments. Toxic heavy metals are taken up by
organisms; the metals dissolved in water have the greatest potential of causing the
most deterious effects (see Table 2.2).

For the sighiﬁcance of metals in the environment, the metallic elements can be

categorized into two groups. The heavy metals are those having densities five times
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greater than water, and the light metals, those having lesser densities. Well-known
examples of heavy metallic elements are iron, lead, and copper. Examples of light
metals are sodium, magnesium, and potassium. Humans consume metallic elements
through both water and food. Some metals such as sodium, potassium, magnesium,
calcium, and iron are found in iiving tissue and are essential to human life-biological

anomalies arise when they are deple r removed. Probably less well known is that

currently no less than six ‘ s, including molybdenum, manganese,
cobalt, copper, and zing, ve been ‘&7 human growth, development,
achievement, and repro hrenkamp.1979; Friberg et al., 1979). Even these

metals, however, c lically undesirable when their

£ 3 \\\ ‘

\ Q ke cadmium, lead, and mercury,
N

concentrations are too

R

are highly toxic at relatj \ cumulate in body tissues over

! »\\\> .
i \ \

according to their aceept neentration x\u\ ants for marine and estuarine

long periods of time, ealth. Table 2.3 lists metals

waters.

Ty

] §
AUEINENINYINg
AN TUAMINYAE
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Table 2.3 : Acceptable concentrations of toxicants for marine and estuarine waters

Toxicant Acute criterion Chronic criterion National Guideline 1992
(ng/L) (ng/L) (ng/L)
arsenic III 36.0 50.0 (all arsenic)
arsenic V
cadmium 2.0
chromium -— : 50.0
copper (total) s |1 k 5.0
lead 404 \ 5.0
manganese
mercury (total; assumes <10% methyl)
nickel 15.0
selenate incrganic 70.0 (all selenivm)
seienite inorganic '
silver 23
thallium 20.0
zinc 50.0

Source : From USEPA
of USEPA and-Nati :
for Fresh and Mgn 1O E

In the ﬂa %%J/y’al ‘ﬂ %j ‘}an‘égwegj{qeﬁ ‘§sleased into the river, by

both natural p%cesses and hum%n activities, car. be dlstrlbuted among several

QA RIS N TN ot

the watet and suspended sediment or stored within the riverbed bottom sediments.

zinc and nickel, 1987 (update)
ian Water Quality Guidelines

Heavy metals are transported as (1) dissolved species in the water, (2) suspended
insoluble chemical solids, or (3) components of the suspended natural sediments.
Metals dissolved in the water can exist as hydrated metal ions or as aqueous metal
complexes with other organic or inorganic constituents. Water-insoluble inorganic
(non-carbon-conté.ining, except for carbonates) chemical solids such as metal
hydroxides may be formed, as may organic (carbon-containing) chemical solids, such

as those associated with compounds derived from the decay of living organisms. Both
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inorganic and organic solids can be transported with the water as individual entities or
as chemical coatings on suspended sediments. In addition, mineral components of
suspended sediments themselves can contain heavy metals. Heavy-metal solids can
also be stored in river-bottom sediments. Suspended sediments and metallic chemical
solids are stored in riverbed sediment after they aggregate to form large, denser-than-
water particles that settle from the wa hen the river's flow is not sufficient to keep

them in suspension (Garbarino eta)*~\

Heavy metal removal b

oc llul osie waste materials.
:e heavy metal ions from waste
‘ Mb and column experiments.
Al xeept Douglas-fir were relatively
t?ﬁom solution and red wocd
Zn ions. In column studies, the
ere efficiently removed by any

e@%ﬁ:i@e regenerated by using 0.1 N HCI for
reuse After the regenerated eubsﬂ‘btes W%he_d with water to remove acid, they

of the bark substrates and

had the same capacity- for heavy metal ions as fresh matrial. Thus acid treatment had
no apparent effect m;je physwal apf ' bstrate. For actual wastes, the red
wood bark column cait' remove Pb ion from a lead batt{niy plant to iess than 0.05 ppm.

1:; :i:tlion 1tﬁ uﬁﬁeww‘%’wﬁﬁ eﬂr\?er present in the waste
’Qaﬂ&ﬂﬁai E]dimallﬂ&{la’lﬂaﬂﬁl .8 oty

ions by formaldehyde polymerized peanut skins. Both of batch and column
experiments were used. In batch experiment, the results showed that for some metal
ions, sorption improved dramatically in acetate solution as compared to nitrate
solution. Furthermore, the results indicate that peanut skin should be effective in
binding Cd, Cu, Pb and Zn ions and perhaps Ag, Ni and Cr (VI) ions while Ca, Co
and Mg ions were not bound well. For effect of metal ion concentration, as the initial

metal concentration increased, absolute removal of metal ion from solution would
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increase, but percentage removal would decrease. In column experiments, the results
showed that all the metals tested were almost completely removed from solution, at
least for a shori time. Sorption from a solution containing Cd, Cu, Hg, Ni, Pb, Zn ions
on a packed column of formaidehyde-treated peanut skin indicated that Hg, Pb and Cu
were rapidly and completely bound to the packing, while Cd, Ni and Zn ions were

poorly bound until the preferred ions

capacity of the substrate was 2;}

b en removed from solution. The maximum
& ion, 3.0 meq/g for Cu ion and 1.3

meq/g for Cd ion. The efﬁ i nera’u nltrlc acid in the case of Pb ion

due to PbCl, has limited

from plating wastewaters‘ar c ﬂwiion / peat sorption system. The
results showed clearly t g peat only : leached less rapidly,
were more acidic , it generally lower in Cd*" than columns
containing peat and C Ca®" could have caused the
temporary poorer treatment b;’;‘ﬁﬁiérfe sne ih Cd** iors sorption to the peat. In
distribution of Cd** _\and pH -eﬁ.tdi;és; ut't nd-of the leaching trial, the buik of the

- ere CaCQO3 was included,
7as near 10.5 at the top of the
¢ (pH 4.5), while that of the

peat plus Ca s,-w ﬁt able acidity in the peat
consumed su @n mm kali 18 Etme of the peat columns,
ordin at m vﬁe g§€ 2* that is to levels
ST T TS

Kumar and Dara (1980) used modified barks to remove toxic heavy metal

the Cd** generated eﬁn

columns ; the base of ‘the peat columns remained acid

ions. The bark samples chosen for these investigations werc Accacia, Bijasal, Laurel
and Teak which are inost commonly available in India and are also inexpensive. All
bark samples were selected and modified with formaldehyde in acid media for
investigating their effeciiveness in toxic heavy metal ions such as Cu*, Pb**, Zn**

and Cd** by conducting batch experiments. The results indicate that 76 to 94 % of
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Cu®*, 94 to 99 % of Pb>", 68 to 78 % of Zn®*, and 70 to 90 % of Cd*" could be
removed depending upon the nature of the bark used and the predominant anions
present in the wastewaters such as sulfate and chloride in the case of Cu2+. From this
result, Indian bark samples seem to offer another alternative for removing of heavy

metal ions from industrial wastewaters.

Kumar and Dara (;i%{\\x‘\’c‘/ blndmg heavy metal ions with

polymerized onion skin. col ents conducted with Cu**, Cd*',

Zn?*, Ni**, Hg*, and &ambeprevented color leaching and the
physical characteristic i \by t with formaldehyde in acid
i i I -5 studied, it can be seen that the final pH

is always less than the igitiz CAUSE O tal ions are bound on the substrate

probably acts as an acid-fo h Inger. . re, it can also be seen that the

predominant anion have”some effect Ontil ind:ng of the metal ions, especially
acetate anions scem 1o d béffer than”¢ fanions. In column experiments, the
capacities per gram of the omtirr;s'km §ﬂ srate for Cv™*, Pt™*, Zn**, Cd**, Ni*", and

Hg®* were 1.62, . y 122 and_0.82 “tespectively while the final
, Cd**, and Ni*" were 0.12, |

effluent metal concenﬁtwns in ppI

0.05, 0.25, 0.1, and 1 ong other cations, it can be
seen that Cu ﬁ’ 2t 7n**, and Ni**. From
all results, thm Hﬂﬁiﬁﬂmﬁ promising and cheap
altern ve ﬂ ﬁm é\f eems to posses
potentia ﬁlilg ﬁ:ﬁli mpll ?T Er;lT g

Larsen and Schierup (1981) studied the use of barley straw for heavy metals

respectlvelv For competition d

removal from wastewater. Batch and column experiment were also investigated. In
batch experiment the efficiency of the barley straw was compared with activated
carbon, pine sawdust, and CaCOj;. The results indicated that onc gram of barley straw
was able to adsorb amount of Zn?*, Cu®', Pb**, Ni*', and Cd** ranging from 4.3 to

15.2 mg. One gram of activated carbon adsorbed from 6.2 to 19.5 mg and of the
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different metals were precipitated by CaCOj3. In column experiment the efficiency of
the barley straw was not reduced significantly in column experiments. When the
barley straw was mixed with CaCOs, the efficiency was improved by 10-90 %, a
column packed of barley straw and saturated with Cu®* was regenerated with one litre
of < 1.0 N. HCI to obtain completely regenerated. Using this regeneration method the
same column could be re-used five ti rom this studied the use of barley straw in
combinaticn with precipitatio %\Qg%aOH, or Ca(OH), may prove to
be suitable, especially for u&( water &f € ing industry.

Kumar and D adied. : - ion of agricultural wastes for
decontaminating ind Ic “Wastewater toxic metals. The various
agricultural by-product fi 2 for these investigations, including
treated bagasse (TBG), [ skin. Both batch and column
experiments were investi ts, treated bagasse is capable of

binding mercury, lead,”co er,‘ﬁﬁﬁfﬁl ickel effectively while zinc aud

e A
ppm in the case of 3

_ @se of treated laurel bark and
techtona bark. Similarly, cadmium could be reduced

|
om 130 ppm to 1.0 ppm in the
f o
case of treate lﬁ ﬁﬁnﬁwmﬂ apacities of the various
\

substrates for the he nietal ‘ionis is' almost” above i ]:ea.g'l of the substrate. In
L1 NPT R LMK (12T R
repeaay sed. ‘

Bhargava, Gupta and Varshney (1987) reported that locally available sawdust
was found to be a low cost viable adsorbent for removing of the chromium, lead and
cadmium in the wastewaters at thc low concentration. In the laboratory, batch studies
were conducted using different weights of sawdust and stirring it in the different
concentration of heavy metal ions as above. It is found that 90 to 99.9 %, 80 to 98.5

%, and 60 to 88 % removals could be affected from the low concentration solutions of
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chromium, lead, and cadmium, respectively. However, for higher concentration
solutions of these metals, the removals were rather small to the order of 55 to 75 %, 6
to 30 %, and only 0 to 7 %, respectively. Chromium is obviously seen to have more
preference for adsorption on the sawdust specially when compared to lead and

cadmium. Cadmium has manifested the least affinity for sawdust

Tan and khan (1988) uﬁeh\\xu / lzaves to study the removal of lead,

cadmium and zinc. Tea le used 1 dies have been previously ground

in to granular form by using-the sieve of ¢ nesh size. This experiment was
investigated using batches irin technigues. Most of these studies used metal
umics gree e of

al water level to allow easy

determination by atomig jon spect t esz;y Batch experiments showed
that the metal ions adsorption by tea leay endent. The optimum pH rang

concentration because the urf‘iéé érea @l adsorption increased. Linearity was
observed only below a certaﬂrmﬁatm‘t ,m%m : 5 mg for 100 pg of Cd and Pb
and 10 mg tea lea" for_similar 2 tsof Zn_toweffect of ionic strength, the

reased with increase in ionic

results showed that a 'I
|

strengtn becanse the potassmm ions is effer't a significant change in the adsorption

capacity of t 1q uppressed by its ions.
Furthermore, ﬁ‘m ﬁvearr ﬁmﬁ various types, including
cationi ic ﬁ sults show that 1.8
g subs:a:eﬁ ﬁ:fjﬁ ﬁnﬁflw ‘gfm Pb and 50 ppm

Zn ions. Lead 10ns appears to be less sensitive to the change in flow rate than other

ions. The affinity for various metal ions toward tea leaves waste is in the order of

Pb>Cd>Zn.

Bencheikh-Lehocine (1989) studied the removal of zinc by using peat
adsorption. The adsorbent used in this experiment was Sphagnum peat. Batch

experiment was investigated where solution of constant zinc concentration and
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. varying sodium concentration were shaken with peat overnight. The results showed
that the removal was not affected by the presence of sodium even at a high
concentration of 10 g/, a level used in the regeneration phase. The efficiency of this
peat was 93-96 % which can be confirmed the effectiveness of this substrate. In model
studies, it has been found that Langmuir model represents well the removal of zinc in

a peat-water system than Freundlich,u‘T

experiment at 29 °C.

EDTA modification -

FF o

18 . o ,kl‘. ‘ -I‘- . .
condition. The soiption daia “fitt -th@nr isotherm equation and maximum

metal-ion binding capacities ofiﬁé‘i‘iﬁié/  husk ang | 11.4 mg/g husk were predicted for

dilute nitric acid. (2 % v/v)

| ¢ a LY

Chen ﬂlu ;L;amuﬂomejmn fgtjat::]na'ﬁvo types of peat. These
used peat eutropbi Eji\o ic. ? i (é( er ions by both
types o aﬁg,aﬁﬁﬁn E’Eﬁéis (ﬁﬂzl ﬁlease of calcium
and magnesium. The cupric nitrate fixation by peat seems to incorporate cation
exchange and copper complexation ; the fixation of the same equivalent of copper
nitrate but no anion was observed what ever the type of peat. These reactions are
dcpendent on copper concentration applied and also influenced by pH. Besides,
complexation reactions become essential when free copper concentration is high such

as above 6-14 mM. Isotherm of copper (1 and 20 mm.) fixation on two types of peat

_showed that cation exchange sites are limited whereas complexation site could not be
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saturated over free copper concentration ranging between 0 and 15 mM at equilibrium
pH ranging between 2.5 and 4.2, 308 and 101 mmol/kg d.w. for eutrophic and
oligotrophic peat. The apparent equilibrium constant for ion exchange with acid-
treated peat for various metals binding on both peat sites ranged between 1.1 and 10.8

in 15 mM metallic solutions. The appareni affinity in batch conditions for five

the apparent global equilibrium constants,

ranging between 1.1x10°. ﬂu\g!:\:k ffini
> Cu > Ca > Mg, Zn for M‘:peat !

peat.

elements may be compared accordi
peat metal binding decreases as : Pb

a > Cu, Mg, Zn for oligotrophic

shell, peanut inner skin,
showed that high abiliti

o =
- . . alngid
dm™ of uranium were found ift/almost of ant wastes tested, except neanut outer

sheil. However, the similax resﬁi&'ﬁféfé‘%*gﬁnh chestnut residues in seawater

3
because they cont'it‘l Jarge 2mounts of tanmm compbands which could be and

important role in the I‘ ura utions by polymerization with

formaldehyde, their a 1ty to adsorb uramum was 1ncreased except grapefruit peel.

These results having high affinity to
uranium, such@ﬁm Yraﬂl‘z,ﬁaﬁnjhe immobilization. For
selectiv, ﬁs lﬁ: Xperiment were

n**, mﬁ ﬁ ‘H}j' fgﬁ:uﬁ@]‘h ﬂgjj-ll of heavy metal

ions dlffers with different species of plant wastes. Uranium and copper were more
readily adsorbed by all plant wastes tested than other metal ions. Onion skin, orange
peel and grapefruit peel adsorbed copper more readily than uranium. Most of the
immobilized plant wastes, except the immobilized onion skin and peanut skin,
adscrbed uranium more readily than copper. This orange peel and grapefruit peel

tends to increase their uranium adsorption selectivities.
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Low and Lee (1991) studied cadmium uptake by the moss, Calymperes
delessertii, Besch. Batch and column experiment conducted with Cd2+ ions. The
selective moss substrate was ground and digested by using mixture of concentrated
nitric and perchloric acids. All analyses were performed in duplicate using a
sequential scanning inductively coupled plasma emission spectrometer (Labtest 710-
2000). In batch experiment the equilibrium is achieved in about 20 min, indicating the
potential of the moss for rapi rem\uﬁl %ﬁ:n solution. There is a fall in pH
after equilibrium, this woullERREEER! that (feaeanism of Cd?* ions binding is ion-

—r. - — '
) er ¢ etitive studies, the order of

'd?* jon 15 Bb>Cu>Zn>Ni ions. The effect of
tween d site is mainly electrostatic.

al/ligand mole ratio of greater than

exchange in nature of

effectiveness of metal
ionic strength, indicati
From the influence of ¢
one EDTA does not haiv : eff e sorption process. In addition,
the bed depth servicet1 ) _propo d y Hutchins was snuccessfully
applied to the system. »

o
&

ﬁ’i&h‘ov@niﬁm from synthetic solutions which
contain simply cadmium and-a buffer. f@"—-
.

5 il

Maranon an from apple-juice processing to

delessertii, Besch is eificient

remove heavy metals in packed beds column. The rem6val/recovery of copper, nickel
and zinc ions jin{pac ‘ba i iables considered being
the influence QFHEJC& u?:mm;wmﬂn‘zl concentration in the
solutio C 7 ated. p (v . e “mesan of chemical
modific iig ﬂﬁg\iﬁ ﬁmﬂwﬁiﬁﬂﬁﬁ: tation and with
epichlorohydrin for xanthation. The results showed that the CEC of original residues
were very low values (0.3-0.4 meq/g.) whereas the treated residues were quite
increased of CEC values. The xanthated apple residues (CLX-AR) showed CEC
values of up to 1.1 meqg/g. and the phosphated apple residues (P-AR) of up to 1.6
meq/g. It is obvious that the value of copper exchange were always higher than nickel

and zinc. From swelling results, the swelling of P-AR was very lower than unmodified

apple residues, being due to the fact that phosphorus (V) oxychloride can also act as a



25

crosslinking agent. The CLX-AR showed only a slight decrease in swelling value. The
chemical treatment effect results showed that the breakthrough capacity or dynamic
capacity (DC) was doubled in the residues CLX-AR and five to eight times higher in
the residues P-AR, the maximum increase cbtain being for the exchange zinc. The
breakthrough capacities iucreased with the dilution of the solution percolated and with
the decrease in particle size. The a metals were completely recovered with
three bed-volumes of 0.5 N. }@\SI% ough packed bed column of the P-

AR, AR and CLX-AR.

Shukla and S 991), studied i oving of metal ions by using

between dyed and undyed cgllulosi¢ materi Js. Tk losic substrates were used in
this study including cotion 1boo g&llp, jute fibers, and sawdust
while the dyestuff nam Reactive Orange 13, and CI

and Fe**
with standard 0.005 N. Klvfne:mﬁ'ye%n@

on method and sodium acetate-
LA

dyed substrates adsorl:zkthese metal io

salts of Pb** and Hg? es place to a very small exteqit, on the undyed substrates as
compared to { *. On dyeing, all the
substrates shoﬂ!m Emfrmn ?q ;]l ﬂo ales even in the case of
heavy b‘* ﬂ (ﬁ' cluded that the
dyestu%ﬁ WI r(\)la i m;i iﬁ m ﬂ; formation.

Maranon and Sastre (1992) investigated the preconcentration and removal of

samples were determined

owed that the control and

aﬁ extent. The adscrption of the
|

traces metals from water by apple wastes. The substrate of apple wastes used in this
experiment were unmodified apple residuss (AR) and phosphated apple residues (P-
AR). P-AR is an apple residues which were chemically modified by mean of a
phosphatation reaction in order to improve their physico-chemical characteristics.

Very dilute synthetic solutions (10 ppb.) of Cu (II) and Ni (II) ions were percolated
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through small column filled with both of substrates. The efficiency of the metal
retention has been studied at different pH values and different flow rates. It included
of some experiment with the same metals chelated by EDTA. In sea water
preconcentration, P-AR have also been used for the preconcentration of copper,
nickel, cadmium and lead from cantabrian seawater, comparing the results with those
obtained the commercial cationic x sl‘x'&berhte IR-120. These apple waste packed
columns can be regenerated wi; ume of nitric or hydrochloric acid
solution. é_g

From metal upt Sthe esqﬂ%ghat the quantitative retentions
of copper and nickel o _ AR wyéré found fo es above 2.5, whereas on AR
ove 3.5t a flo
-2, 478

4

e of 10 ml/min. For solution
X ‘hy“EDTA at pH 5 ; the results

showed very poor retentigh when the i ol re forming complexes. In effect of

howed that the co f opper was found to be higher

when using P-AR but the concentration ot nickel, cadmlum and lead was lower.

o YN TNEING
ﬁ’iﬁ%’f A1) bYW 1Y g

parameter bemg effect of pH, initial concentration presence of other metal cations and

AR resin. The resul

chelators. The results showed that the dyed-treated sample had a greater sorption
capacity for copper ions. Above pH 4 both the fibres which were natural oil-palm
fibre (NOPF) and dyed-treated oil-palm fibre (DTOPF) showed comparable sorption
capacities. In competitive uptake studies, the affinity of DTOPF is greater than NOPF.
The order of sorption decreases as : Pb>Cu>Cr>Ni. For effects of chelators the

effectiveness of the fibres in removing copper from wastewater must be assessed
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critically if strong chelators are present such as Salicylic acid, nitrilotriacetic acid and
ethylenediamine tetraacetic acid, depending on range of their log K; values. A
comparative study of the fibres in removing heavy metals from electroplating wastes
was conducted. The results showed that DTOPF could be used in the preliminary

stage to remove some of the metals, especially useful for copper.

Tan, Ooi and Lee (19932,\&! !@IUSR fibers (CHF) and palm pressed
fibers (PPF) to investiga fektemogal I) from aqueous solution. This
ing __,- h 'mchmques Batch experimental
{fit1 time was asstmied suitable for both CHF and

' Z:CEN,\ilibrium after one hour. The
N S b&tween 1.5 and 5 for CHF and

between 1.5 and 3 for PRF. Brofr the dserption i , the adsorption capacities of

experiment was investig

results showed that

o -
CHF and PPF were estimated'to: be:29 and: 14 g substrate at pH 2.05. These
results showed that CHF fr’ ‘a. substrate than PPF. In column

experimental results, bleakthroﬁ%g £ various column containing PPF were

obtained for vanouilﬂow rate“ ﬁn& bé&’%ﬁ se!f

esults were compared with
Hvtchin ’s mnodel {oradsorption-cotummn:1 his-mode 1o

time (BDST) model f»j}ﬁch- oul

duced a bed depth service
-culﬁ the effects of vaiying feed
concentrations and ﬂowaates in an adqorptlon system. The various pack column can be

regenerated aﬁﬂ%n{} wﬁm wtﬂ earﬂncjs performance by using

either 0.05 MiINaOH or 0.1 M HNO; as eluent. It was demonstrated from

1L MNP N 1120 3
of varloqs column containing mixe dia of stem showed that

both substrate could also be used as barriers in the landfill to enhance the

immobilization of Cr (VI) in leachates.

Chawakitchareon et al. (1995) investigated the total capacities for
heavy metal removal of acid treated, carboxymethyl, sulphoethyl and crosslink-
xanthante resins made from water hyacinth and bagasse. The heavy metals to be

studied were copper, nickel and zinc. The experiment was carried out using the
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column technique with a 20 cm. Height packed bed of resin. Synthetic wastewater, pH
about 5.0, containing heavy metal about 5, 10, 20, 50 mg/l was percolated through the
column at a rate of 3 bed volumes/hr. The variables being considered were the
influence of chemical treatment and the heavy metal concentration in the wastewater.
The experiment results showed that the cation exchange capacities were 0.686-0.809

meq/g, carboxymethyl, sulphoethyl, 2 osslink-xanthate resins made from water

hyacinth, and 0.065-0.086 me ‘\ 10 0. meq/g respectively for acid treated

and carboxymethyl resins made fron 2 alues for copper exchange were

always higher than for zine ' acid 1 and carboxymethyl resin. For
sulphoethyl and cros he\ values "‘\ exchange were always higher

reased with the dilution of

wastewater percolated crationwve ( d recovery of metal with 2-3
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