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ABSTRACT

The realm of microbial diversity encompasses numerous organisms be-
longing to the kingdom of Bacteria, Eukarya and Archae. The toxic com-
pounds may cause a shift in microbial community. Sago factory effluent
collected from three siteswas found to contain maximal Cyanide and Thio-
cyanate concentration of 1.7 mg/l and 12.2 mg/I respectively. After 10 days
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of incubation, maximal microbial growth was observed in site 3 while the
microbial growth decreased in presence of 20 mM Thiocyanate. Shannon-
Weiner and Simpsons’ diversity index revealed the negative impacts im-

posed by Thiocyanate on bacterial community.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Microbesareanintegral part of our ecosystem. It
wieldsitsinfluencethrough the processes|ike decom-
position, nutrient cycling, soil aggregation and pathoge-
nicity. Therecorded inventory of microbes present al
over theworld accountsfor only asmdler fraction (0.1
— 1.0%) of thetotal community. A conservative esti-
mate predictsthat thetask of mappingtheentiremicro-
bial community would take about 800 — 900 years.
K nowledge on the soil microbia ecology isparamount
for therestoration and sustainability of ecosystems. Con-
tamination of soil with toxic compoundsimposesdetri-
mental effectsonmicrobia activity thereby causinga
shiftinmicrobia community structure.

Thiocyanate is astable, non-hydrolysable, non-

volatileinorganic compound that occursfromadiverse
range of natural and industrial source. Sago industry
employs Cassava(Manihot esculenta cranz) asasub-
stratewhich resultsin therel ease of Thiocyanateand
Cyanide upon the crushing process. Thiocyanatein-
duced toxic effectsincludeinhibition of avariety of en-
zymesinvolvedin hdidetransport tothethyroid gland,
stomach, corneaand gills. Many hemolithotrophic and
chemoheterotrophic bacteria such as Arthrobacter,
Escherichia, Methylobacterium and Pseudomonas
speciescan utilise Thiocyanate asasource of energy
and nutrients. Thiocyanate hasbeen found to be utilised
by Thiobacillus thioparus and Thiobacillus
denitrificang¥, studied the degradation of Thiocyan-
ate by T.thiocyanoxidans. Pseudomonas and
Arthrobacter speciesare known to degrade Thiocy-
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anate but they don’t utilisethem asan energy source.
Bacterial strainsof Klebsiellasp. arefound to degrade
both the cyanide and thiocyanide compounds?.
P.Fluorescens, P.thiocyanatus, Klebsiella, Ralstonia,
Burkholderia 5., fungd cultureslike Fusariumsolani,
Trichoderma specieshave dso beeninvolvedin Thio-
cyanate degradation.

Though few studiesregarding the ability of bacteria
to utilise Thiocyanate compounds have been carried
out, theimpact of Thiocyanate compoundson themi-
crobia community needsextensveandyss. Thisstudy
focusesonthemicrobial diversity changesoccurring
dueto the presence of Thiocyanatein the sago factory
effluent.

EXPERIMENTAL

Collection of samples

Soil samplesfrom the nearby sago industry were
collected from contaminated sites|ocated near Attur,
Salem Digtrict, Tamil Nadu. Triplicate sampleswere
collected fromthreedifferent sago factorieslocated at
Manjini (S1), Thalaivasal (S2) and Kattukottai (S3).
Sail from thetop 3-10 cm layer of effluent contami-
nated siteswas collected. The soil sampleswerethen
kept in sterile bags and transported to the laboratory
and kept at 4 °C until further analysis. Chemicasused
for the purpose of physico-chemical estimation and
Sodium Thiocyanate were obtained from Merck Ltd,
Germany. All microbiol ogicd mediawereprocured from
HiMediaL aboratory, Mumbai. Other chemicasused
wereof Andytica Gradefrom QuaigensLtd., Mumbai.

Estimation of cyanide

Concentration of Cyanide present inthe samples
was determined by amodification of the Picric acid
method of Fisher and Brown®. A linear cdibration curve
was obtai ned with the standard cyani de sol ution asfol -
lows:. analiquot (0.05ml) of cyanide-contai ning solu-
tions(after centrifugation at 15,000gfor 10minat 4°C)
wereadded to 0.1 ml aliquots of asolution containing
0.5% (w/v) picricacid and 0.25 M Na,CO,. There-
sulting solution were placed in awater bath for 5min,
dilutedto 1ml with 0.85ml distilled water and cooledin
tap water for 30 min. The absorbancewasread at 520
nm against ablank of distilled water and Picric acid
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reagent.
Estimation of thiocyanate

Thiocyanate assay was carried out by Ferric Cy-
anate method asreported in Standard methods“. Thio-
cyanate was determined by measuring the absorbance
a 420 nm after adding 0.2 ml of 10% (w/v) Fe(NO,),,
0.2ml of 5M HNO, and 3.9 ml of deionised water to
0.1 ml of thesampl €°.

Microbial plating

Theenumeration of thetotal microbespresentin
the sampl e can be assessed by the microbial plating
technique. Ten grams of soil werediluted in 90 ml of
sterile saline solution (0.9% NaCl, w/v), mixed thor-
oughly on amagnetic stirrer at 120 rpm for 120 min
andthenallowed to rest for 60 minto allow settling of
the soil. Standard serial dilutionswerefollowed and
aliquotsof each dilution were spread on Nutrient agar
plates. Thetotal bacteriaand fungi grown were esti-
mated for enumeration of diversity of thepopulation.

Microbial count

The plate count method was used to monitor the
number of culturable heterotrophic bacteriapresentin
thesample. Thebacterial count was doneby the use of
Neubers’ counting chamber. In order to group colonies
according totimeof gppearance, visblecoloniesgrown
on non-selective plateswere enumerated daily during
theincubation period. The number of bacteriain each
class was expressed as a proportion (%) of the total
colony number found after the experimenta period.

I nfluenceof timeon microbial count

Theimpact of timeon microbia count can beas-
sessed by observing the col ony counts over aperiod of
time. The concentration of Thiocyanate, Temperature
and pH was kept as constant. Periodic observation of
colony forming units (CFUs) was undertaken.

I nfluence of thiocyanate concentration on micro-
bial count

Theimpact of Thiocyanate concentration on mi-
crobial count can be assessed by observing the colony
countsover aperiod of time. Theconcentration of Thio-
cyanatewasvaried from 5-20 mM whilethefactors
like Temperature and pH was kept as constant. Peri-
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odic observationsof colony forming units(CFUs) were
undertaken.

Estimation of diversity index - shannon diver sity
index

The Shannon Weiner Diversity index® isthe negar
tivesum of each OTU’sproportiona abundance mullti-
plied by thelog of itsproportiona abundance. The Sh-
annon-Weiner diversity index was calcul ated asfol-
lows: H* =-?(PInP) —[(S-1) / 2N], where, p repre-
sentsthe proportion of aphylotyperelativeto thesum
of al phylotypes. Evenness(E) wascaculated as. E=
H/Hmax where Hmax =log?(S); Richness(S): Total
number of speciesinthecommunity.

Simpsonsdiversity index

Similarly estimation of microbial species by
SimpsonsDiversity index iscarried out using thefol -
lowingformulae:

D =2 n(n-1) /N (N-1) Where, n =total number of
organismsof aparticular species,

N =tota number of organismsof all species.

RESULTS

Estimation of cyanideand thiocyanate

The content of Cyanide and Thiocyanate in the
samplesisasin TABLE 1. Theincreased content of
Cyanide and Thiocyanate compounds are acause for
concern. Although the maximum permissiblelimit of
cyanide hasbeen only 0.01 mg/I, the maximum con-
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Figurel: Thiocyanate concentration at different sampling
sites
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TABLE 1: Concentration of Thiocyanateand Cyanide

Sample Sample Sample Permissible
Parameter 2 3 Limit (CPCB)
Thiocyanate 1547 1785 2612 1.00
(mall)
Cyanide 233 18 245 0.01
(mg/l)

centration of 2.45 mg/l has been observed in Site 3.
Thecalculated valuefor Siteland Site2is2.33and
1.82 mg/l respectively. Similarly concentration of Thio-
cyanate has been observed to be of the range from
15.47-26.12 mg/l. Site 1 recorded Thiocyanate con-
centration of about 15.47 mg/l while Site2 had Thio-
cyanate concentration of about 17.85 mg/l. The maxi-
mum T hiocyanate concentration wasfound at Site S3
with aconcentration of about 26.12 mg/l exhibited an
increased concentration of Cyanide and Thiocyanate.
TheFigure 1 representsthe Thiocyanate and Cyanide
concentration present in different sampling Sites.

Total Microbial count

Total Number of speciesobserved

Based on theisolation and plate count technique,
thetotal number of microbid speciespresentinthesam-
pling area was recorded. The TABLE 2 depicts the
scenario of tota isolated species of bacteriaand fungi
fromadl threestes. Thepopulationrepresentsthegrowth
on plateswhen observed under the counting chamber.
The bacterial population was found to be more pre-
dominant than fungal species. The number of species
foundinthesitesalso varied reasonably. M ost number
of specieswas observed in Site 1 than the other two
sites. Site 1 logged 11 bacterial and 4 fungal species
whilesite 2 recorded 6 bacteriad and alonefunga spe-
cieswhileit was7 bacterial and 5 fungal speciesinste
3.Atotal of 15, 7 and 12 microbial specieshavebeen
identifiedinthethreesitesrespectively.

The Figure2 depictsthevaried distribution groups
of themicrobial speciesreported earlier in the study.
Bacterial groups included species belonging to the

TABLE 2: Microbial Diversity — Total Number of species
observed

Type Sitel Site2 Site3 Total
Bacteria 11 6 7 24
Fungi 4 1 5 10
Total 15 7 12 34
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groupsof Bacilli, Alcaligens, Saphylococcus, Kleb-
siella, Ochrobacteriumand Aeromonas. Thefungal
group comprised of Basidiomycetes, Zygomycetes,
Ascomycetes and Actinomycetes. Bacilli and Saphy-
lococcus (12% each of total popul ation observed). Zy-
gomycetes (14% of total population) formed thelarg-
est group of fungal species. Klebsiella and Basidi-
omyceteswere part of avery small population.

Casidiomyoatbe
3%

Sy pearmyoeles
19%,

Dchrabliactarium

A Lyl
Lo 12%

Figure?2: Digtribution of Microbial species

Influenceof Timeand Concentration factor on
Microbial count

Theresponse of variousisolated microbia groups
to thedifferent timeand concentration of Thiocyanate
were observed. To determine colony diversity the colo-
niesweregroupedin classes (morphotypes) onthebasis
of visual differences using parameters such ascolony
colour, roughnessor shininessof surface, diameter and
edge. Thenumber of different colony morphotypesand
the number of the colonies belonging to each
morphotype were considered in order to assess the
colony diversity by the Shannon-Wiener diversity in-
dex®. Thisapproach was sdl ected because of the abil-
ity of the Shannon-Wiener index toreveal changesus-
ing colony morphotypes. Thefollowing Figures3and 4
showstheresponse of variousbacterid communities
towardstheincreasein timeand thiocyanate concen-
tration. Assessment of heterotrophic bacterid count over
different periodsshowed anincreasein numberswith
prolonged incubation period. S3 showed themaximal
colony growth, withthevisible coloniesranging from
5.1x103 in 3 days to about 5.8x103 in 10 days. S1
showed lower countsthan the other siteswitha 10 day
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incubation period diciting aresponse of only 4.4x103
colonies. Site 2 showed anincrease of colony count
from4.4x10°t05.1x10°3 within 10 days.
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Figure3: Influenceof Timefactor on Microbial count
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Figured4: Influenceof Thiocyanate Concentration on Micro-
bial count
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Microbial diversity analysis
Assessment of shannon wiener diversity index

The Shannonwiener diversity index wasca culated
based onthe colony unitsformed during different growth
conditions. On observation, bacterial growth wasob-
served over aperiod of 14 days. Regular sampling and
determination of colony countsweretaken. Shannon
index was cd culated by gpplying theformul ae reported
earlier. Indices were reported for the colony growth
found at 3, 7 and 14 days. The concentration of Thio-
cyanatewas maintained at 10, 20, 30 mM throughout
the experimental period and the respective growth of
organismswas observed.

TheFiguresfrom 5to 7 showsthe Shannon wiener
diversity index va uesfor themicrobial groupsableto
grow in presence of 10, 20 and 30 mM Thiocyanate
concentration. Assuch, thediversity indiceswerefound
to decrease with the progress of experimental period.
Considerabledecreasein H’” was observed at 14 day
sampling period. For sample 1, diversity value de-
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Figure7: Shannon-Wiener Index Sample3

creased from 1.12t00.96 in presence of 30 mM Thio-
cyanate while it decreased from 1.17 to 1.09 at 20
mM concentration, but notabl e change has not been
observed at 10 mM. For sample 2, diversity valuede-
creased from 0.95t00.90 in presence of 30 MM Thio-
cyanate while it decreased from 1.02 to 0.92 at 20
mM concentration, and from 1.10to 1.02 in presence
of 10 mM Thiocyanate. Sample 3 showed achangein
diversity value from 1.02 to 0.90 in presence of 30
mM Thiocyanate and from 1.08 to 0.90 at 20 mM.
Growthindex at 10mM remained moreor lesssimilar
throughout the period.

Simpson’sdiver sity index
Asobserved from the experimentd datapresented
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inthe TABLE 3, the Simpson’sdiversity index at 30
mM Thiocyanate concentration wasfound to show sig-
nificant differencein sample 2, whereit decreased from
0.755t00.680. Unlike Shannon diversity index, these
vauesareinversay proportiona tothediversity status.
Hencemoretheva ue, alesser diversity statuscould be
assumed.

TABLE 3: Smpson’sDiver sity Satusat 30mM Thiocyanate
concentration

Par ameter Sample 1 Sample 2 Sample 3
Control 0.637 0.847 0.769
3 Days 0.592 0.755 0.531
7 Days 0.556 0.755 0.510
14 Days 0.520 0.680 0.500

Samplefrom site 1 showed achangein diversity
index from 0.592 t0 0.520in 14 days, sSite 2 showed a
changeindiversty from0.755t00.680in 14 dayswhile
insite3thediversity showed adecreasefrom 0.531 to
0.500 after 14 days, thereby signifying ahigher micro-
bial diversity. During this study the control showed a
changeinindex vauefrom 0.63710 0.76.

DISCUSSION

In this study about 1.82 — 2.45 mg/| of Cyanide
have been observed whichisaround 10— 25 fold higher
than the permissiblelimitsof Cyanidesin effluentsby
the Indian standards. Cyanide concentration of about
2.33 mg/l hasbeen observed at Site SF1 and 1.82 mg/
| inste2whilesite SF3 effluent isfoundto contain the
highest concentration of 2.45 mg/l Cyanide. Thischange
in cyanide concentration at various sampling sitesmay
be duetothevarieties of Cassavabeing used for pro-
ng. According to previousreports, the concentra-
tion of Cyanideisfound to decrease over aperiod of
time. Thisisbecause Cyanide being an unstable com-
pound gets degraded by the enzyme Linamarinaseto
Linamarin®, The cyanogenic potentia of known cas-
savacultivarsrangesfromlessthan 10mgkg*asHCN
fresh weight basisto morethan 500 mg kg* asHCN
fresh weight basig*°l. Cassava production containing
lessthan 50 mg/l cyanoglucosides are considered as
harmless but itslong term consumption might lead to
chronictoxicity.

TheThiocyanate concentration observedindl sites
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isfound to be higher than thetolerablelimit for organ-
isms. Site SF3 recorded the maximum of 26.12 mg/I
Thiocyanate concentration and isfound to exceed the
permissiblelimit of CPCB by 25fold. All cassavavari-
etiescontain varying concentrations of the cyanogenic
glucogdes, linamarin andlotaustrain, which arehydro-
lyzedto HCN by endogenouslinamarasewhen thetis-
sueisdamaged. Cyanide concentrationsof nearly 1000
mg/kg have been reported in tapiocafoliage™ 2. A
concentration of 2to 4 mg HCN/kg body weight can
belethal tothecattle. Therearereportsindicating that
feedinglargeamounts of tapiocaproductswithout treeat-
ment could result in death of theanimals, particularly
non-ruminants™3.

Theandys sof count plate’s datashowed that both
SCN- concentration and incubation time affected the
number of CFU deeply, and therewashighly significant
interaction between incubationtimeand SCN-. Signifi-
cant changeshave been observed in CFU numbersfor
al microcosmsduring the entireexperiment. Thedif-
ferences between the CFU numbersof control and 10
were not significant after 14 days. Microcosm at 30
mM thiocyanate showed as gnificant |ower number of
culturable bacteriathan the control after 7 daysfrom
the beginning of theexperiment, but thenumber of CFUs
increased over timeand was higher than the control by
theend of the experiment. Thecontrol had the greatest
diversity of CFUs, and thisdid not change during the
experiment.

Theresultsof Shannon-Wiener diversityindex (H)
on the colony morphotypes showed that both SCN-
andincubationtimeaffected thediversity and therewas
highly significant interaction between time and thiocy-
anate concentration. The Shannonindex (H’) seemsa
useful generd diversity index that isinfluenced by both
richnessand evennessand ismore sensitiveto changes
inabundance of theraregroups. The Simpson’sindex
(D) isheavily weighted by the dominants. Itiseasily
understood and is much less affected by coverage.
Presenceof higher sulphur content inthe effluent might
favour the growth of chemaosynthetic bacteria

The Simpson’sindex (D) valueswere affected by
theleve of thiocyanate contamination and decreased
over time. Theindex val uestended to decrease with
increas ng thiocyanate concentration and time, confirm-
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ing ahigher diversity and the presence of somedomi-
nant morphotypesin concentration at any samplingtime.
Thechangeinthediversity was paraleled by the het-
erotrophic culturable bacterid popul aion dengty, asthe
concentration showed thelowest value of H and the
highest number of CFUs at theend of the experiment.

Theplate count still appearsto beauseful gpproach
for assessing the effects of pollution and it has been
amply supported by the works of Trevord** 1, The
useof cultureindependent method approacheswill re-
movethe biasimposed by theisolation of bacteriaon
laboratory mediabut conversely will fail to takeinto
account thedifferencesin cdllular activity. Asmany bac-
teriacan existin dormant forms; it isimportant to mea-
sureactivity sothat ecologically relevant bacteriaare
assessed and not inactive cdll sthat do not contributeto
ecosystem function.

CONCLUSION

Theresultsof the study showed anincreaseinthe
growth of microbia community withtimewhileade-
creaseindiverdty of microbia populaionwasobserved
with increased thiocyanate concentration. Theimpact
of thiocyanate on microbia growth hasbeen validated
further by Shannon-Weiner diversity index and
Simpsons’ index. To overcome problems associ ated
with non-culturabl e bacteriaand fungi, various meth-
odsincluding fatty acid anadysisand numerous DNA-
and RNA -based methods coul d be employed.
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