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ABSTRACT KEYWORDS
Coir pithis apolyphenol containing agroindustrial residue which causes Coir PithBlack Liquor;
land and water pollution. Research programs are advancing by utilising Phytotoxicity;
coir pith as a substrate for bio energy production, and oxidative Oxidative delignification;
delignification wasreported as an effective pretreatment method. Oxidative Toxic Unit;
delignification process generates highly coloured Coir pith Black Liquor’ Dose response.

(CBL) as effluent and its release to open environment poses pollution
risks. Evaluation of toxicity of CBL isof significancefor its safe disposal
plans. In the present study, we investigated the phytotoxicity of CBL to a
standard test species Oryza sativa. A 96 hour bioassay was conducted.
Root length, shoot length, seed germination, Germination Index (Gl), Seed
Vigor Index (SV1) and Shoot to Root ratio (S:R) werethe parameters studied.
Dataacquisition was done with the hel p of image analysis software ‘Fiji’.
Statistical analysiswas carried out using ‘R’ software. The EC, (Median
Effective Concentration), the concentration at which 50% reduction in
growth, compared to control, occurred was cal culated for each parameter.
The EC_s were converted into Toxic Units (TU) for comparison. All
parameters studied were significantly affected by the CBL. The study
revealed that CBL was acutely toxic to Oryza sativa. Root length and
Germination Index (Gl) were the most sensitive endpoints (TUs=8.9 and
8.8 respectively) whereas seed germination wasthe least sensitive endpoint
(TU =1.73). Based on sensitivity, the parameters were arranged as : Root
length=GI>Seedling length=SV1>Shoot length>Germination. Theresults
points towards the necessity of further characterization of toxicants
present in the CBL and treatment procedures to eliminate the toxicity.
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INTRODUCTION itspresent application mgjor percentage of coir pithare

heaped near coir processing unitsleadingto environ-

Coir pithisan agroindustial byproduct produced mental deterioration. Coir pith degradesslowly dueto
during the extraction of fiber from coconut husk. Mil-  itshighlignin content!*® and sructura binding of lignin-
liontonsof coir pitharegenerated annually andbesides  cellulose complex™. Ligninisconsidered asthe sec-
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ond most abundant group of biopolymersin biospere
(2, Cair pith contains polyphenals, theleaching of which
pollutesthe natural water bodies. Some polyphenols
areknown to have carcinogenic/genotoxic effects® or
interferencewith thyroid hormonebiosynthesig”.

Cong dering theaboveissue, research programsare
advancing by utilizing coir pith inthe manufacture of
economically important products such asbriquettes®,
biomanure®, biocharl*®, etc. Celulosic ethanol canbe
produced from lignocellulosic resi dues and composi -
tion of coirpith makesit asuitablesubstratefor Biofuel
production viapretrestment, enzymatic saccharification
and fermentation. Lignocellulosic materials can be
delignified using hydrogen peroxidetreatment!*® or so-
dium hydroxidetreatment™. Effective pretreatment of
coir pith using hydrogen peroxide hasbeen devel oped
and reported with 53 % delignification efficiency!*,
Highly coloured filtrate generated by hydrogen perox-
ide pretreatment termed as ‘Coir pith Black Liquor’
(CBL) containssolublised ligninand itsderivative. In
industrid level production perspective, theadoption of
hydrogen peroxide pretreatment process shall gener-
atehugevolumeof CBL aseffluent. Releaseof CBL to
open environment without toxicity anaysismay lead to
pollution risksto the receiving environment. Henceto
ensure safe discharge of CBL, to assessthe need for
effluent trestment, toxicity andyssisof highsgnificance.

Though severa studiesfocuson the product diver-
gficationof coir pithand coir pith derived materids, the
byproducts produced from such practices has never
been evaluated for toxicity. At present no reportsare
availableonthetoxicity characterization of byproducts
formed during the processing of coir pith. Hencethe
present study aimsat characterizing the phytotoxicity
of Cair pith Black liquor (CBL) produced during the
delignification procedureof coir pith.

MATERIALSAND METHODS

Thecaoir pith black liquor (cbl)

Coir pithwascollected from acoir defibering unit
at Alleppey district, Kerala, India. Collected coir pith
was washed in tapwater dried and stored in air tight
contai ners. Oxidativedeignification was performed by
2 % hydrogen peroxide treatment on coir pith at pH
11.5with substrateto solutionratio 3g :100ml. The
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residuewasfiltered and filtrate collected as ‘Coir pith
Black Liquor’ (CBL) was used for toxicity test.

Test species

Standard test species Oryza sativa (OECD, 1984)
was used to conduct toxicity test. The seedswere ob-
tained from Rice Research Ingtitute, Pattamby, Kerda.

Experiment design

A static bioassay was conducted in glass petri
dishes, containing 10 seedsand 10 ml of CBL dilution
seriesat various concentrationsfor 96 hours. Thetest
concentrations selected were 0, 6.25, 12.5, 25, 50 and
100 % of CBL dilution series. All dilutionswere pre-
paredindistilled water. The experiment was conducted
intriplicatesat 16:8 Light:dark photoperiod. Thetem-
perature was maintained at 28+3 °C. Root length and
shoot length were measured using the software ‘Fiji’
(Johannes, 2012). Root length, shoot length, seeding
length, seed germination (count), germinationindex (Gl)
and shoot to root ratio (S:R) and Seed Vigor Index
(SV1) werethe parameters studied. Germination Index
(GI) and Seed Vigor Index (SVI1) where calculated as
follows

Germination Index (GI)=—RSG xRRG
100
where

RSG (RelativeSeed Ger mination) =

Number of seedsger minated in test solution
Number of seedsGerminated in control

RRG (RelativeRoot Growth) =

x100

Meanroot length in test solution 9

Meanroot length in test solution
SVI (Seed Vigour Index, SVI) = Germination (%) x
Seedlinglength
S:R (Shoot to Root ratio) = Shoot length/ Root length
‘R’ softwarel*>'l was used to compute EC_s. EC_
(Median Effective Concentration), the concentration at
which 50% reduction in growth compared to control
occurred was cal cul ated for each parameter. EC, of
each parameter was converted to Toxic Units(TU) for
comparison. Toxic Unitistheinverseof EffectiveCon-
centration expressed in % and iscal culated asfollows:

ToxicUnit (TU) = x 100

50
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TheToxic Unitsof each endpoint isclassfied into
different categories*t asfollows:

No acutetoxicity =TU<04
Sightacutetoxicity  =0.4<TU<1
Acutetoxicity =1<TU<10
Highacutetoxicity =10<TU< 100

Very highacutetoxicity =>TU100
RESULTSAND DISCUSSION

The present study reveaed that CBL was acutely
toxic Oryza sativa. All the parameters studied showed
concentration dependent reductioninresponse. Ingen-
erd, amongthe parametersstudied, root length and ger-
minationindex (Gl) werefoundto bethemost sengitive
witha50 % growth reduction (EC,) at 11.18and 11.3
CBL concentrationsrespectively (TABLE.1, Figure 1
and Figure3). Theroot lengthwas 39.68 mmand 1.39
mm at thelowest and highest concentrations of CBL
respectively (TABLE 2). Seed germination was|east
sensitive (EC,,= 57.91). Lessthan 50 % seeds germi-
nated at 50 % CBL concentration. Though shoot to
root ratio (S:R) did not show any significant reduction
when compared to control, it showed asteep increase
up to 50 % CBL followed by asudden drop at 100 %
CBL (Figureb). Shoot to root ratio waslessthan 1 at
6.25 % CBL whereasit wasgreater than 1 at 12.5%
CBL. Based onthe Toxic Units (TABLE.2) theroot
€longation and germinationindex werefoundto be5.18
and 5.12 times sengitive than germinati on respectively
(ie, TUs8.95, 8.85 and 1.73 respectively). It should
be noted that all the seedsgerminatedin 6.25 % CBL.
A comparison of doseresponse curvesof root and shoot
depictedin Figurel revea sthat therate of decreasein
growth, asthe CBL concentrationincreased, washigh
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for root when compared to shoot. Thisindicatesthat
root el ongation was approximately twice as sensitive
asshoot elongation (TUs 8.95 and 4.05 respectively).
Theconfidenceinterva (TABLE.1) of root e ongation
and Germination Index indicated that they werenot Sg-
nificantly different from each other. Thesamewastrue
for seedling length and Seed Vigor Index aswell. Itis
not surprising that root e ongation and Germination In-
dex showed similar response sincethelater was de-
rived fromtheroot length. Similarly Seed Vigor Index
and seedling length showed similar responsesincethe
SVI1 was a parameter derived from seedling length.
Weibull (3 parameter) mode wasfound to bethe most
suitablemode usedtofit dl the parametersexcept shoot
toroot ratio for which hormetic model wasused. Toxic
Unitscalculated for all the six parametersranged be-
tween 1.73 and 8.94 and thisindicated that CBL was
acutdly toxicto dl the parameters studied, except shoot
toroot ratio. Based on calculated EC_s, the param-
eters can be arranged as. Root length=GI >Seedling
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Figurel: Responseof seedling, root and shoot of O. sativa
tovariousconcentrationsof CBL at 96 h

TABLE 1: 96h ECgq(and 95% Confidencelnterval) and Toxic Unitsof different parameter sof Oryza sativa. Symbolsa, b,
cand drepresent parameter ssignificantly different from each other. Param = Parameter.

Parameter Model ECs (% CBL viv) Slope Cl (95%) Toxic Units

Root Length # Weibull (3 param) 11.18 -3.23882 9.36- 13 8.944544
Shoot Length © Weibull (3 param) 24.71 -1.15697  12.59 - 36.82 4.046945
Seedling Length ® Weibull (3 param) 14.69 -1.63438 11.42 -17.97 6.807352
Seed Germination ¢ Weibull (3 param) 57.90712712 -1.046292 38.13-77.69 1.726817
Germination Index (GI) 2 Weibull (3 param) 11.3 -3.6498 9.12-13.47 8.849558
Seed Vigour Index (SVI)®  Weibull (3 param) 13.76 -2.12768 11.02-16.5 7.267442
Shoot to Root ratio (S:R) Hormetic nd nd nd nd
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Figure2: Effect of variousconcentrationsof CBL on seed
germination of O.sativaat 96 h
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Figure 3 : Effect of various concentrations of CBL on
Germination Index (Gl) of O.sativaat 96 h
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Figure4: Effect of variousconcentrationsof CBL on Seed
Vigor Index (SVI) of O.sativaat 96 h
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Figure5: Effect of variousconcentrationsof CBL on Shoot
toRoot ratio of O.sativaat 96 h

TABLE 2: Effect of CBL on Root Length (mm), Shoot L ength (mm), Seedling length (mm), Ger mination (count), Ger mina-
tion Index, Seed Vigor Index and Shoot to Root ratio of Oryza sativa. Datar epr esentsmean=SD (n=3).

CBL Concentration(% v/v) 0 6.25 125 25 50 100
Root Length 35.75+10.77 39.68+4.26 13.78+3.79 3.96+0.5 0.63+0.15 1.39+0.8
Shoot Length 27.8+11.23 32.63+7.8 20.68+1.82 15.36+0.6 10.27+3.36 0.94+0.62
Seedling Length 63.54+10.25 72.3+9.81 34.46+3.26 19.32+1.09 11.35+3.48 2.33+0.72
Germination 9t1 10+0 9.33+0.58 8.33+0.58 3.33+0.58 4.33+2.08
Germination Index (Gl) 90+0 116.76+42.52 37.16+17.7 9.77+3.67 0.65+0.41 1.84+1.77
Seed Vigour Index (SVI) 5685.17+805.99 7230.48+981.13 3228.85+511.72 1611.94+173.22 383.33+148.04 105.21+62.45
Shoot to Root ratio (S:R) 0.85+0.43 0.82+0.19 1.61+0.6 3.91+0.37 16.94+3.57 1.23+1.47

length=SV 1>Shoot length>Germination.
Therewasasdlight stimulatory effect (except for
shoot to root ratio), though statistically not significant,
at 6.25 % CBL when compared to control. Shoot to
root ratio wasgreater (1.61) than that of control a 12.5

% CBL. Thegtimulatory effect might bedueto thepres-
ence of organic and inorganic nutrientswhich stimu-
lated the growth at lower concentration. Further bioas-
say a much lower dilutionsmay revedl if thereisasig-
nificant stimul atory effect a lower concentrations® have

BioTechnologqy —

Hn Tudian Jounual



BTAIJ, 9(10) 2014

R.Syamkumar et al.

395

————, FyurL PAPER

already demongtrated stimulatory effect at lower con-
centrationsof effluentson plumulegrowth of Lactuca
sativa. Kalisglvi et al. (2010) noted that effluents, irre-
spective of thetype, can effectively be utilized inthe
improvement of cropsif diluted properly to eliminate
toxicity.

Thebyproducts, especialy CBL, derived during
the processing of coir pith issupposed to be moreor
lesssimilar to the effluent released from paper pulp mill
or related industries. Thecoir pith containslignin, the
decomposition of which producestoxic phenolic com-
pounds’® was able to extract amoderate phytotoxic
residud phenolicfractionfromthesuperficid soil layer
1 year after the application of olivemill wastewaters.
Thisresdud fraction had aphytotoxic potentia com-
parableto that of olivemill wastewatersat a25-fold
dilution. Though oxidativeddignification of coir pithwas
carried out under high pH™, it may not be the only
factor affecting toxicity sincethe Coir pith Black Li-
quor issupposed to contain poly phenolsand chemica
residuesderived from thedelignification procedure. It
islikely that thepH of CBL may modify thetoxicity by
influencing thesynergistic, antagonitic and additiveac-
tions(if any) of CBL components. Ingeneral, there-
sultsfromthe present study suggest that Coir pith Black
Liquor isacutely phytotoxicand itisnot safeto release
it to open environment without proper detoxification.
Phytotoxicity of CBL may depend on many parameters
and further experimentshaveto becarried out to detoxify
CBL.

All industrid effluentsare supposed to betoxic, but
‘how much toxic’ is the question to be answered be-
fore any effective effluent treatment method isdevel -
oped or procedural modification in product devel op-
ment isachieved. Thework presented here pointsto-
wards the need for more efficient and eco-friendly
method of detoxification of Coir pith Black Liquor for
which protocol hasto bedevel oped. Thestudy isaso
thefirst of itskind regarding thetoxicity of Coir pith
Black Liquor.
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