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ABSTRACT

Abiotic and biotic particulates constitute the airspora of the coalfield re-
gion, which, singly and/or in association with fine coal dust particles, after
coming in contact with human beings cause different kinds of allergic ail-
ments. Among different bio-allergens found in coalfield environments, al-
gae, with different compositions and in varying concentrations, have also
their share for causing various alergic disorders in humans. Notwithstand-
ing the prevalence of different types of algae in the atmosphere of Jharia
Coadlfields owing to the most favorable climatic conditions (rainfall, tem-
perature, Relative Humidity, light) and also the occurrence of alergic dis-
easesinthe codfields, surprisingly no work hasbeen done onthe coalmining
and coal-based industries’ area-specific bio-allergens, of which algae con-
stitute an important allergenic constituent. Reported for thefirst timeinthe
present paper are the results of our investigation on the prevalence, charac-
terization, and seasonal vatiation of coal mining area-specific airbornealgal
flora present in the environments of Jharia coalfields. In all 13 coalfield-
specific algae have been found and identified in the present study, which
are prevalent in the atmosphere of Jharia Coalfields. They include : Ana-
baena, Chlorella, Chlorococcum, Fragilaria, Gloeocapsa, Lyngbya, Nav-
icula, Nostoc. Oedogonium, Oscillatoria, Phormidium, Plectonema and
Spirogyra. They are both unicellular and colonial, and diatoms, belonging
to class Chlorophyceae and Cyanophyceae respectively. The results have
evinced that the concentration of the algae varies with the variation in
meteorological parameters (temperature, rainfall, relative humidity, light),
and that the algal load (population) is subject to seasonal variation, being
totally absent during summer (April, May), moderate during the months of
December to March and maximum during rainy season (August to Octo-
ber). Two major factors, viz., physiological ability of analgal groupto toler-
ate different types of abiotic stresses, and the climatic conditions prevail-
ing in the area,, seem to be responsible for regulating the structure of the
aeroalgal community in the atmosphere of any specific area-coafielsinthe
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present case, While most of these algae are iinhalant types, some are both
inhalants and contactants: (Anabaena, Fragilaria, Lyngbya, Phormidium)
Almost all the diatoms have allergen city, with potential for causing allergic
health hazards manifested by different skin, respiratory and other allergic
disorders in humans living in and around coal-mining and coal-based in-
dustries’ areas.. The inhalant algae are potent allergens, responsible for
causing hazardous allergic ailmentslike hay fever, nasal blockage, bronchial
asthma, allergic rhinitis, eczema, persistent dermatitis and other skin dis-
eases. The necessity for systematic identification of the particular metabo-
lite (s) from the suspected allergic disease-causing algae and their correla
tion with the disease through clinical investigations has been emphasised.
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INTRODUCTION

During cod mining operations, not only severedeg-
radation of land takes place but al so the ecol ogy and
environment of theareaisbadly disturbed, invariably
smultaneoudy accompanied by release of dust and dso
abiotic particulate matter (SPM, RSPM, SO, andNO,)
and biotic particulatesdueto disturbance of floraand
faunathrivingin the mined and nearby areas. Accord-
ingtoan estimate!, thecoa dust generatedthrough all
mining operationsinclude: top soil removal (69.9kg/
day), overburden remova (666.0kg/day), extraction of
coa (365.9kg/day), size reduction of mined coal
(6812.5kg/day), thusmaking the cumulativemining gen-
erated dust to be ca. 6812.6kg/per day. In additionto
this, theamount of wind-generated dust isto thetune of
1568kg/day, depending upon thewind vel ocity, direc-
tion, and other micro-meteorol ogica conditions. This
cumulatively generated huge quality of dustisnot all
dispersed into the atmosphere, rather the larger par-
ticlesof thedust settle down and get deposited onthe
soil, whilethesmall and micro-sized particlesbecome
suspended in the atmosphere a ong with other abiotic
and biotic particul ates. Thus, the atmaospheric bio-par-
ticulates- alone, and in combination with fine cod dust
particles, constitutetheairsporaof the coafield aress.
Someof the constituents of thisairspora, after coming
in contact with human beings, causedifferent dlergic
manifestations. A variety of bio-alergensare prevalent
in coa -mining and cod-based industries’ area environ-
ments, including pollen grains, fungi, a gae, and house
dust mites, which areof different compositionsand vary-
ing concentrations. Thesecoafield-specificbio aler-
gens more particularly algae have not yet been prop-

erlyidentified and studied.

Defined botanicdly, lgaearethaloid prokaryotic
(Cyanophycene and Prochl orophycene) and eukary-
otic (Rhodophycene, Cryptophycene, Dinophycene,
Heterokontophytes, Hepto-phyoceae, Euglenophycese,
and Chlorophytes) photosynthetic organismswith chlo-
rophyll-aand other photosynthetic pigments-releasing
O,. Thebody of these microscopic or near-microspic,
simpleautotrophic algae, being of widespread occur-
rence, isunicellular, colonid, filamentous, siphoneous,
and parenchymatous, never with roots, semsor leaves.
Their sex organsbeing unicdlular or multicellular with
al cellsfertile (except Charades), thesea gaetypicaly
possess inherent potentialities for their distribution
through themedium of atmosphere. Whilesomeagae
arebeneficia (egsinglecdl greenagae, which, gpart
from being endowed with such properties as detoxifi-
cation, and stimulating friendly bacteriainthebody, con-
tainsgreen photosynthetic pigment chlorophyll and chlo-
roplast, isapotent source of food and its supplements),
someother generaare potentially allergenic, causing
dlergic diseasesinhumans. It isnow widely recognized
that single-celled algaein apersistent resting stage or
fragments of filamentousformsor even fragments of
morecolonid formsareusualy trangported indry state
by wind to different siteswhere they not only become
arbornebut a so actively grow under congenid condi-
tions of moisture, temperature and light. Therole of
agaeinair pollution and effect of meteorological con-
ditions on air borne algae was reported by Smithin
19732, who a so suggested that soil dgae should dso
be considered along with airborne a gaeastheformer
ismost likely to be disseminated by both wind currents
and therma uplifts. It wasfurther reported that yet an-
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other sourceof viableagae could behouse dust, mostly
from contamination of indoor environment by soil and/
or airborne algae. Some of these airborne algae are
dlergenicand, uponinhaation, can-and often do, cause
alergicdisordersof different sorts. Whilethepossible
role of airborneagae asapotent causeof alergy and
dlergicrespiratory diseaseswas suggested by Salisbury
asearly asin 1866%. the symptoms of hay fever was
corrdlaedwithagag?. Insevera other investigations™
9 theroleof airborneagaein alergy has been thor-
oughly studied. In yet another systematic study, Hol-
land et &l .*%.have reported the presence of morethan
40 generaof algae present evenin house dust samples
inviableconditions. Theseresearchershaveascertained
thedigtinct possibility that some of the chemical con-
stituents of some generaof algae areindeed respon-
sblefor causngdlergenicreactionsand, inturn, differ-
ent dlergicdiseases. Throughtheir investigationsonthe
origin of airbornemicro-algae, many researchershave
identified different possiblesourcesincluding dust, pos-
g bleadherenceto moss spores, raindrop splash on sail,
airbornefoam, and water through bursting of bubbles
or subaeria surfaces 2. nyet another investigation,
Bernstein and Safferman*? found that even theindoor
aquariacould be possible pathwaysfor dispersion of
many a gae, whichfinding was subsequently confirmed
by Schlichting*¥, who also proposed a conceptual
model for the study of airborne agae asrelated to mi-
crometeorologicd conditionsandar chemigtry. Through
aclassical andinteresting study by Overeem(*8lin as
early as1936-1937, whichinvolved sampling of air-
bornealgae by using aircraft over Netherlands at dif-
ferent heights (400, 500, 1000, 2000 meters) during
the months of July and August for which an aeroscope
and Beltger bubbler wereemployed, sheclearly showed
the abundant prevalence of several algee. Her work is
gtill considered ava uable contributionin Phycology, as
it hasprovided aninsight into theinvasion, by algae
both in quality and quantity, of even thetroposphere.
Though sporadic, yet agood deal of work on different
typesof agal spora, including diatom algae, prevalent
intheatmosphere hasbeen doneduring the past 20-25
years by many investigatorg'>24. In arecent study,
Gantar and Svircevi? haveinvestigated and discussed
theimportance, usefulness, and possibletoxicity (aler-
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gen city) of some micro-algae and cyanobacteria.. In
yet other recent investigetions, Sharmaat d 2221 have
not only studied thediversity and seasond variation of
viable aero-agal particlesin the atmosphereof asub-
tropical city inIndiabut have aso compared thedler-
gen city of airborne cyan bacteriaPhoridiumfragile
and the alga Nostoc muscorium. Of kate, the tradi-
tional morphologi cal-based methods of taxonomy of
dgeeingenerd arebeing consderedinastateof fluxin
that they sometimes|ead to misidentification of differ-
ent al gae, aslater was revea ed when modern molecu-
lar techniqueswere employed®#, In alatest investi-
gation onthetaxonomy and bioactivity of an Egyptian
Chlorococcumisolate, El Semary et d.'>" have applied
apolyphasic approach, which essentialy involved the
combination of both morphologicd and molecular meth-
ods coupled with phylogeneticanayssusngsmal sub-
unit rDNA asamarker, so asto get aclear-cut diag-
nostic phenotypic charactersand to accurately place
theisolateinitscorrect taxonomic position. Thesein-
vestigators have highlighted theimportance of combin-
ingtraditiona dassfication methodswith modern taxo-
nomic techni ques such as phyl ogenetics and chemot-
axonomy anditssignificancein exploring thebioactive
metabolitesand their antimicrobid activity of microor-
ganismsfor futuristic biotechnol ogica applications.

A careful scan of published up-to-dateliterature
demydtifiesthat despite having considerableecol ogica
and economic significance, and sometimesalso their
possible adverse impact on human health manifested
by allergic skin and respiratory diseases, airborneal-
gae study has, somehow, not received much attention
of the aerobiology and phycol ogy researchersasit de-
servesand still remainsrather scantily studied. dthough
during the past 2-3 decades sporadicinvestigationsin
different parts of theworld have comeinto light. Not-
withstandingthis, littleor practically nowork hasbeen
done ontheoccurrenceand/or prevaenceof dgd bio-
particulatesinthe coadmining and cod basedindustries’
areas. Sinceairborne agae of different types, compo-
stionsand varying concentrations, are, inter alia, aso
likely to be-and indeed they are, the persistent con-
stituent of theamaosphere of tropical/sub-tropical coun-
tries-Indiain particular and especialy inthe environ-
mentsof its cod-mining and cod-based industries’ ar-
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eas, it motivated usto undertake systematicinvestiga
tionson the coal mining area-specific airbornealgal
spora. Prompted by the aboveinducing consderations,
systematicinvestigationson coa mining area-specific
bio-particulatedlergenshave, inrecent years, beentaken
up®% g Centrd Ingtituteof Miningand Fud Research,
Dhanbad (Jharkhand).

Asasequd to our previouscommunication onthe
prevaenceof dlergic diseases caused by codfid d-spe-
cifichousedust mitebio-dlergensin JhariaCodfie dg®:
theresultsof investigationson the prevalence, charac-
terization and possibleallergenicity of airbornealgein
the environmentsof cod-mining and cod-based indus-
tries’ areas of Jharia coalfield in Dhanbad district
(Jnarkhand, India) arereported, for thefirst time, inthe
present paper.

EXPERIMENTAL

Theexperimental procedurefor studying different
aspectsof airborne algae entail ed essential ly the col-
lection of air samplesat regular interva sfrom different
pr-sdl ected sampling sitesin Jhariacoalfie ds, exami-
nation of theagd filament samples, isolation, culturing,
incubation, identification and morphologica character-
izetion of theAirborneAlgae. For ascertaining the sea
sond variationinthe concentration of agaeand prepa
ration of amonthwise caendar for aperiod of two years
(2006-2007 and 2007-2008). These procedures are
individually described briefly below under different sub-
sections.

Selection of sampling sites

Thedgae samples(dgd filaments) were collected
from North Tisraand Lodnacollieroes, CFRI colony
(Stuated intheclose proximity of Bhowrah colliery and
cokeplant), and Sindri (Situated intheadjoining areaof
Fertiliser factory and ACC Cement Factory), dl of which
typically belong to the coal mining and coal-based
indusries’ areas of Jharia Coalfields.

Collection of algae samples

Samplesof arbornedgaefilamanrswerefortnightly
collected fromal the above mentioned sampling sites,
for which Volumetric Burkard Air Sampler (Burkard
Manufacturing Co., U.K.), showninFig.1, wasused.
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Thespecid feature of thispersona sampler, especidly
designed for short-term sampling directly onto glass
plates, isthat it can beused bothin domestic or indus-
trid environments, specially a sowhere no power sup-
pliesareavailable. The sampler’s sampling orifice is
mounted in the vertical plane and operates at an air
through put of 10 liters per minute.

Operation of burkard air sampler and analysisof
samples

Theglassdide(size 3” x 17), smeared with a suit-
ableadhesive, viz., glycerinjelly intheform of auni-
formthinfilm, wasinserted into the apertureinsuch a
way that the adhesive dlidewasin upwardsdirection.
The sampling chamber wasthen closed by rotating the
upper ringineither direction at least oneinch, after which
the sampler wasready for collection of samples. After
switching onthegpparatus, itsturbinefan sartsmoving
andinavery short timeachievesan acce eration of 10
|/min. and theexhausted air will moveout through the
sideholesinthewallsof the sampler. The sampling of
thearborne particulate matter wasdonefor 5-10 min-
utesdepending ontheair pollution load of thesampling
area. At the end of the selected sampling period, the
dlide was removed by rotating the upper ring with a
suitable spatul a, after which thedidewasgected from
the opposite side of the upper housing. Thus, though
this procedure, the airborne bio-particul ate matter of
the particular areagetsdeposited ontheglassdide. In
thismanner, glassdidesof dgd filamentsfrom different
sampling siteswere collected and anal ysed.

Examination of thealgal filamant samples

After sampling and preparation of theglassdlides
of bio-particulates (vide supra), eech didewas scanned
under 10x optical lensand computer-controlled Trin-
ocular Research Microscope (Nikon, Japan make),
showninfigure2, for qualitativeand quantitative esti-
mation of thea gd flora The countswereexpressed as
number per m® and the observed total countsweredi-
vided by aconversion factor of 0.05.

I solation and culturing of airbornealgae

Airborne agae were isolated by the culturing
method, for which two different media, viz., Bold’s
Basd, andAllen and Amon’s media, are generally used.
In the present study, the Bold’s Basal Medium
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(BBM)was used, the method of preparation of which
isadequately described by Tilak!®a. Thismedium, for
culturingtheairbornea gae, had thefollowing chemica
compasition:

Chemical and their amount per litre

NaNO, (0.25g), CaCl,.2H,0 (0.25g), MgSO,.7TH,0
(0.759), K,HPO, (0.75g), KH,PO, (0.175g), NaCl
(0.0260).

Microdement solution 1.0ml, and each of thefol -
lowingthreetraceelement solutions

1 EDTA:50gdissolvedinllitredistilied water

2 KOH: 31gdissolvedinllitredistilled water

3 FeSO,. 7H,0: 4.98g dissolved in acidified water
(1.0ml of H,SO, dissolved in 999ml distilled water)

Chemical and their amount (dissolved in 1litredis-
tilled water)

ZnS0,.7H20 (8.82g), MnCl.,.4H,0 (1.449), MoO,
(0.71g), CuSO,.5H,0 (1.57g), CO(NO,).6H,0
(0.499).

ThepH of the medium thus prepared (commonly
(referredto asBold’s Basal Medium or in short BBM)
was adjusted to 7.3 before autoclaving. Alternatively,
solid medium, when required, can a so be prepared by
adding 2% w/v of agar into liquid medium before auto-
daving.

For theisolation of different dgal forms, aloopful
of dgd growth (videinfra) fromthe cultureflask was
takenanddispersedin 1 ml digtilled water in atest tube,
after which this algae-containing suspension was
streaked onthe agar surfacein petriplates. The advan-
tage of thismethod isthat the single cell s or groups of
cellsareleft behind astheinocul ation needle moves,
such that thediscrete col oniesare obtained on the agar
surface. Then, theisolated coloniesare picked up and
transferred to agar dants. To avoid any external bacte-
ria contamination, thisentire procedurewas conducted
inaninoculation chamber. pre-sterlised by ultraviol et
light.

Incubation and culturing of airbornealgae

Exposed pertiplates were incubated in aculture
room on glass platesfitted oniron racks. Thewhole
systemwaswell illuminated from beneath with 40 w
fluorescent tubelightskept adistance of 6cm fromthe
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glass plate. In thisway, alight intensity of 1000 to
1500lux was uniformly provided at the surface of the
glass plates. Constantly maintaining thetemperature
between 26 and 30°C, theliquid cultureswerethor-
oughly shaken at |east twice aday.

I solation and identification of airbornealgae

The exposed plates were incubated for 2 to 3
weeks, till theagal growth becameclearly visibleas
green colonies, after which observationswere made.
Next, the growth of a gaefrom the cultureflasksand
isolated col oniesfrom the petriplateswere carefully
picked upwiththe help of inoculation needle.

Examination of the algal forms was done after
mounting theagal materid of theglassdideand exam-
ining thesameunder 10x optica lensof the computer-
controlled Trinocul ar Research Microscope (Nikon,
Japan make). Different lgd formswereidentified pri-
marily onthe basisof their morphologica characters.
Morphologicd identification wasperformed using light
microscopy and aided by following theidentification
keys prescribed in detail by Prescott®3.

Prepar ation of algae calendar

At all the selected Sites, concentration of airborne
agaewasregularly recorded twice (fortnightly) every
month consecutively for two years (2006-07 and 2007-
08) and amonth-wise caendar was prepared for each
year. Monthly per cent contribution of algeeinreationto
meteorologica parameters, viz., temperature (maximum
and minimum), rainfal, and rd ativehumidity (RF) was
a so caculated and recorded Inthisway, each dgd cal-
endar thus prepared, showing the prevaenceand sea
sond variation of algaein theenvironments of Jharia
codfields, helped in ascertaining the seasond variation
of agaeconcentration and dsoinestablishingacorrela
tion between a gae concentration and meterol ogica con-
ditionsliketemperature, rainfal, and relative humidity.

RESULTSAND DISCUSSION

Characterisation of algal flora

Theresultson theidentification and characteriza-
tion of airborne algae prevalent inthe coal-mining and
coal-based industries’ area of Jharia coalfields are pre-
sented infigure 3(a), 3(b), 3(c) and 3(d) Thecharac-
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TABLE 1: Characterigicsof theidentified air bor nealgaein coal-mining and coal-based industries’ areasof Jharia coalfields

Sl. Name of . .
No. algae Color Form of thalus Main pigment size Type
1 Anabaena Bluegreen  Simple, unbranched with heterocysts Chlorophyll-a, C-Phycocyanin,  Inhalant
C-phycoerythrin cotactant
2 Chlordla Green uni-cellular, non- moble forms Chlorophyll a, b along with Inhalant
carotenes and xanthophylls
3 Chlorococcum Green mostly unicellular Chlorophyll ab along with Inhalant
carotenes and xanthophylls
4  Fragilaria Blue unicellular Chlorophyll ac along with Inhalant
carotenes and xanthophylls
5 Gleocapsa Blue green Multicellular, colonia form Chi orophyl_l ac, and C- . Inhalant
phycocyanin, C-phycoerythtin
. . . Inhalant
6 Lyngbya Blue green simple, filamentous, form without hetero- cysts - do - contactant
7 Navicula Brown Unicellular Chlorophyll &, ¢ Carotenoids, Inhalant;
and xanthophylls
8 Nostoc Blue green simple, unbranched filament with heterocysts Chlorophyll a, C-p_hycocyanln, Inhalant
and C-phycoerythrin
. green, multi-cellular, llamentous, parieta
9 Oedogonium Green reticulate, unbranched Chlorophyll a,b Inhalant
10 Oscillatoria  Bluegreen simple, filamentous form without hetero- cysts Chlorophyll a, c; C_-phycocyanln Inhalant
and C-phycoerythrin
11 Phormidium Bluegreen simple, filamentous form without hetero- cysts - do - Contactant.
12 Plectonema  Bluegreen hetero trichous filament with false branching -do- Inhalent
13 Spirogyra Green multi-cellular, filamentous, unbranched Chlorophyll a, b Inhalent

teristicsof theidentified eachindividua agaearein-
cludedin TABLE 1. Further, fromthemonth-wisedata
collected on the concentration of theidentified algae,
their year-wise concentrationsfor consecutive 2 years
(viz. fromApril, 2006to March, 2007 and April, 2007
toMarch, 2008 in each month) wereregularly assessed,
in order to understand the monthly prevalence of the
agd florain Jhariacoafieds. Theresultsareshownin
theform of hisogramsinfigure4. Likewise, an attempt
was a so madeto correlate the month-wise preva ence
and % concentration of theidentified algaein Jharia
codfiddswiththoseof meteorologica parameters (tem-
perature, rainfal, and rdative humidity) duringtheabove
period of 2 years (2006-07 and 2007-08) and there-
sultsareincluded in TABLE 2 and 3 respectively. From
the dataon month-wise concentrations of theidentified
agee, an dgeaecdendar wasd so prepared and thesame
isdepicted in TABLE 4, from which the presence of
algaeduring any particular period or month of theyear
can bereadily made out.

Fromthepicturesof theagae (Cf. Figure3(a), 3(b),
3(c) and 3(d)), itisseenthat inal 13 algal species,
prevalent inthe coa mining and cod-based industries’
aressof JhariaCodfieds, havebeenidentified and they
include: Anabaena, Chlorella, Chlorococcum, Frgila-

ria, Gloeocapsa, Lyngbya, Navicula, Nostoc, Oedo-
gonium, Oscillatoria, Phormidium, Plectonema and
Sirogyra.

Characterised by widedifferencesintheir morphol-
ogy, composition of pigments, metabolic products, and
detailsof their lifehistories, agae, ingenera, arecon-
Sidered lowly evolved plantswith smplethdloid plant
body and are autotrophic (i.e. photosynthetic or holo-
phytic, i.e. whichfeed like photoautotrophic) and O,
evolving, chlorophyll-bearing unicdlular or sometimes
multi-cellular greenplants. Thelr importancecanbesm-
ply realized fromthefact that out of total O,evolved
from green plantsin the biosphere, ca. 90% comesfrom
these smple plants-algae! Characteristics of each of
thel3 codfield specificidentified algaeinthisstudy are
briefly described below.

Spirogyra

Derived from the Greek word Spirogyra(spira=
coil + gyros=twisted), thisaga, belongingto thefam-
ily Zygnemaceae and class Chlorophyceae and being
the most abundantly occurring, aquatic, bright green col-
ored, free-floating silky masses and sobriqueted as
pond-silk, water-si Ik, and even water-scum,, includes
about 300 species, of whichca. 94 arefound in India,
growingin stagnant fresh water ponds, lakes, and even
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TABLE 2: Month- wise % contribution of algae vis-a-vis
meteor ological parametersin Jharia coalfieldsduring the
period April, 2006-M ar ch, 2007
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TABLE 3: Month- wise % contribution of algae vis-a-vis
meteor ological parametersin Jharia coalfieldsduring the
period the period April, 2007-M ar ch, 2008

Monthly % Maximum Minimum Rainfall Average

200708 contribution temp. (°C) temp. (°C) in mm RH (%)

Monthly % Maximum Minimum Rainfall Average

April 1.0 34.3 30.10 0.0 33.34
May 0.0 45.62 34.53 90.0 2555
June 4.3 37.42 30.12 1510 58.23
July 274 34.85 26.45 2131 59.63
August 229 34.4 25.14 260.0 60.54
September 16.8 33.59 24.64 129.7 62.68
October 116 32.49 23.32 1122 59.37
November 75 25.53 20.38 0.0 47.41
December 4.0 21.06 11.25 282 4579
January 3.7 20.73 10.11 52.3 4274
February 24 22.46 14.14 271 4565
March 10 24.2 22.6 217 54.32

2008-09 contribution temp.°C temp.°C inmm RH%
April 12 36.4 24.86 165 3525
May 0.0 459 25.08 38 26..63
June 6.3 36.4 24.17 195  57.67
July 245 35.31 20.52 2325 5545
August 20.3 36.01 2176 1745 63.46
September 185 35.5 20.66 385 6522
October 112 34.51 23.18 715 59.14
November 5.4 25.24 18.72 20 51.74
December 5.8 21.21 12.38 0 45.67
January 5.4 21.32 10.62 0 41.88
February 2.3 21.64 12.97 0 42.67
March 13 22.6 17.35 225 5441

slow-flowing streams, though afew rare speciesare
also known to grow on moist soil aswell. The plant
body of thesed gaeissmple, long, and filamentous, the
filamantsbeing green, hair like, slky, multi-cdlular, un-
branched andis comprised of uniseriaterow of cylin-
drica cells, which areusually longer than breadth and
arranged one abovethe other. Thegrowth of filaments
takesplaceby divisioninany cell. Insofar asthecell
structure of these algae is concerned, each cell of a
filament iscomposed of asmall amount of protoplast
bounded by the cell wall. Characterized by the most
promimently distinguishing feature of the cellsof this
ageebyitsbeing dongated, parietd , and ribbon-shaped,
itsgreen spird or hdica bandsof chloroplagtsaretwisted
anti clockwisedirectionfrom oneendtotheother. The
protoplagt isdifferentiated from plasmamembrane, thin
layer of cytoplasm, singlenucleus, oneor more chloro-
plastswith pyrenoidsand alarge central vacolebounded
by tonoplast. Another characteristic feature of thisalga
isthat thenumber of chloroplast variesin different spe-
cies, fromonein some speciesto asmany asfifteenin
eech cdl inother gpecies. Yet another distinguishing fea
ture of thisgreen algaisthat the chloroplast can either
be narrow with smooth margin or broad with seriated
margin, each chloroplast possessing alarge number of
small and sphericd pyrenoids, which areusudly located
equidistant from oneanother and arethesitesof starch
formation Furthermore, each cell of thisalgabeing uni-
nucleate, itsthe nucleus can beangular, lenticular or

flatly cylindrical inshapeand remainsfirmly embedded
inthe central massof little cytoplasm. Thebig central
vacuoleisfilled with tanniferous vesicles containing
tannins

Theaga Spirogyra reprouces by any of thethree
methods, viz., vegetative, asexual, and sexua meth-
ods. Whilethe vegetative reproduction entation of fila-
ments, the asexual method takes place through
Aplannospores, which are non-motile reproductive
spores produced singly inthe vegetativecells, which
have so far been reportedin only eight species. Inthe
sexua method of reproduction, although no sex organs
are produced in Spirogyra, the sexual fusion occurs
between thetwomorphologicaly smilar gamlets, cdled
isogametesand themodeof sexud reproductioniscaled
isogamous, with afew exception of specieswhich show
physiologica anisogamy. Themost characterigticrepro-
ductivefeatureof Spirogyraisthat it occursinaspecific
Season (spring or latein the growing season) of theyesr,
the sexual reproduction being dependent ontempera-
ture, light, humidity, increasein pH and deficiency of ni-
trogeninthe atmosphere, thelast factor being particu-
larly important for theinitiation of thesexud process.

Oscillatoria

Theadgaoscillatoriafound in present study belongs
to O.annae speciesin grows abundantly indirty stag-
nant and polluted water, water channelsforming black-
ish blue green musses. Thistype of aquatic environ-
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Figurel: Burkard volumetricair sampler

ment istypically found near thecoa mining sideswhere
water is pumped out form the minesis stored in the
form of ponds. Inwhich finecod dust dongwith other
pollutant present in mineswater isal so accumul ated
over thetank. Thiscreates afavourabl e environment
for thisa gato grow and multiply. Theplant body of this
dgaisfilamentous, consisting of long thread likestruc-
turecaled trichomesthelatter occurringsingly or alarge
number of them inter woven to form flat stratum or
spongy sheets. Thecdll trichomecan bedightly cylin-
drical or in some cases they found to be aslong as
broad or longer then broad theinterna structure of the
cdl hasanouter samewhat rigid cdll wal not surrounded
by mucilaginousshesath, thecell wall enclosing thepro-
toplasmwhichisdifferentiatedinto tworegions, theouter
coloured chromplasm and centra hyaline centroplasm.
Thetypica bluegreen colour isimparted to thisalgae
due to presence of pigments and located in sac like
thalakoids. viz,, C.phycocynin and C.phycoerythrin.

Characterigtics of trichomesof oscillatoriasp. In
generd arebelieved to beresponsblefor its spontane-
ousmovement which may begliding (cregping) oscilla-
tory or bending; Theoscillatory movement may bemost
common. Although mechanism of thismovement isill
mystery, yet some authors attribute the secretion of
somekind of geletenous materid.

Nostoc

The algae nostoc is colonial and filamentous
uniseriate and unbranched. Thefilamentsareusualy
curved, contorted and intertwined, each filament con-
ssting of alargenumber of spherica cdlls. A largenum-
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TABLE 4: Algaecalendar of Jhariacoalfields(shaded part of
theyear indicatesthe presence of house dust mitesduring
theperiod)

Algae calendar

Months
JFMAMJIIJIASOND

Algae species

Gleocapsa

Lyngbya
Nostoc
Oscillatoria

Phormidium

Plectonema
Chlordla
Chlorococcum

Anabaena

Flagilaria

Navicula
Oedogonium

Spirogyra
ber of filament being embedded withinamucilagenous
envel opeforming aball shaped colony. The color of
which could be either blue, greenisbluegreen. The
characteristic feature of thesea gaeisthat thesize &
shapeof algal ball keep on chaning with age (spherica
oblong, elipsoidd aresometimesirregular.) Further more
itssizerangesfromassmall asapinheadtoaslargeas
the size of hens egg, reaching soon. Yet another char-
acteristicfeature of these algaeisthat itsyoung colo-
niesare solid but with aging and maturity they become
hollow aseven break openintoflat or |obed expanses-
paving the way for becoming air borne dueto wind
velocity or thermd uplift. Loosily joint with each other
thevegetativecdls(itsstructuresbeingtypicaly smilar
to cyanophycean) of the algae aretypically spherical
ovd, cylindrical or barrel shaped.

Each cdl hasfirmandrigid cdl wal and the proto-
plasmisdifferentiated into outer colored protoplasm
and centra hyainecentroplasm. Theouter protoplasm
iscolored owingto the presenceof chlorophyll-a, caro-
tene, xethophillsand phycobilins, C-phycocyaninand
C-phycoerythrin. Whilethe photosynthetic pigments
arelocated in sac likelamellae called thylakoid. The
reservefood materid occursintheform of cynophycean
starch. Belonging to the blue green d gaefamily thea -
gae nostoc is considered most important and
responssiblefor fixation of atmospheric nitrogenviz
conversion of amospheric nitrogeninto ammonia
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Figure2: Aview of tri-nomial microscope (M ake: Nikkon,
Japan) used for examination and identification of house desk
mites

Navicula

Theagae Naviculabeongsto thebotanical divi-
sonBadillariophytaand dassbacillariophycesethedass
representing the collective name of about 170 genera
5500 species. This class comprises two orders viz.
Centrds(possessingfrustulescells) circular pill box with
radial symmetry occurringin marinewater, pennales,
possessing frustuleslike oblong boxeswith isol ateral
symmetry occurringin freshwater. Mgority of thedia-
tom occur asphytoplanktonsbothinfreshinsat water,
someform ocuuring even at the bottom of water reser-
voirs, somediatomsaredso knowntooccur asterristrid
form usually on moist soil or even onmoist rocksand
insdethedark building/ monuments, impartingit a
brown color. Fossilized diatoms can bealsofoundin
large depositsand in that casesthey are called diato-
maceous earth are Kiesulguhr. Thusthediatomsa gae
are ubiquitous and cosmopolitanin distribution. The
genera characteristicsof diatomsto which theidenti-
fied Naviculain the present study belong, areunicel lu-
lar photosynthetic organism; sometimebeingunicdlular
cdlsbecomecolonia or filamentous owing to accumu-
lation of large number of cellsinacommon mucilagi-
nousenvel ope.

Insofar asthecell structureof diatomsconcerned,
each cedll of adiatomiscaled frustulewhichismadeup
of two partsi.e. thecell wall and protoplast. Further
cell wall istwo layered, whitetheinner layersisthin
membranous continues and composed of pectin, the
outer layer, however impregnated with silicaand made
up of two overlapping haves of theca. Both havesfit
closdly together like Petrydisc, theupper haf beingthen
called epithecaand thelower haf hypotheca. Theside
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of two overlgpping connecting bandsiscaled girdle.

Characterigticsof diatom the uninucl eate protoplast
i.e. internally bounded by plasmamembrane, the cen-
tre being occupised by large vacuolewhereasin case
of pinnate diatom the central vacouleisbridged by cy-
toplasmic strandsand the nucleusremain suspendedin
the centre of strand the chromphore of naviculaare
brownin color dueto presenceof largeexcessveamount
of carotenoidinassociaionwith other pigment likechlo-
rophyll a, chlorophyll ¢, carotenoidsand xanthophylls
(diatoxanthin, diadinoxanthineand fucoxanthin). The
food reservoir diatom naviculaisoil and chrysolaminarin.
The most significant of feature of thesea gaeischloro-
phyll-bistotally absent.

Thereproductionin diatomstake placemainly by
two methodsnamely cell divison arefisson, and sexud.
Whilethefirst method isthe most common means of
multiplicationand occur & night. Thesexud multiplica:
tioninvolvethe production of autospores. Which being
usudly larger thenthe vegetative cellsarederived form
zygote. Inthisway autosporesarespecia diploid spores
produce asaresult of sexual gamatic fusion of zygote
anditsdifferentiation.

Anabaena

Thedgae anabaenabd onging to nostocaceaefamily
with variant of 25 speciesoccursabundantly in India.
Being aguaticit occursin shallow, degp temporary and
semi permanent water bodieseither for floating or at-
tach to submerged plant. The majority of species of
anabaenaareexclusvely planktonicin ponds, tank, ke
and rivers, imparting ablue-green col oration to water
because of their blue green color somespeciese.g. A
gelatinicula, grow evenon moist soil andasoinrice
fidds, thereby enriching the soil with, nitrogen fertilizer
viaatmospheric nitrogen fixation. Someof itsspecies
have been reported as grow even in close symbiotic
association with other plant such asAzolla, Cycascor-
aloidroots.

Thevegetative structuresof anabaenaismultice lu-
lar, unbranched and filamentous, thefilaments, occur-
ring either sgndly or in groupsformingirregular thdli,
thelatter being bluegreenin color, indefinitein shape,
formtorn flouccose or soft gelatinousmasses. Thein-
dividud filamentsof thisdistom algaearedther straight
or curved with indistinct or without amuicilaginous
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Figure 3(a) : Airborne algal flora in Jharia coalfields,
phormidium, lyngbyaand oscillatoria
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Figure 3(b) : Airborne algal flora in Jharia coalfields,
pandorinamorum, gleocapsa and nostoc
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Figure3: Airbornealgal florain Jhariacoalfields, frafilaria
and plectonema

sheath, however in planktonic form thefilamentsare
usualy curved circinateor irregularly contorted afur-
thermorethegd atinousshegthif present, isdiffluent and
never imparts adefinite shapeto the colony A typical
characteristics of thisalgaeisthat itseach filament is
uniformly broad throughout consisting of cylindrica rect-
angular, spherical or short barrel shaped cells. Yet an-
other distinguishing feature of thisalgaeisthat the het-
erocyst areusually intercalary arelocated at irregular
interval thorough out theentirelength of thefilament. In
contrast, theheterocyst is some speciesare both termi-
na andintercalary. They areeither of thesamesizeand
shapeasthevegetative celsor dightly broader in addi-
tiontothis, the akinetes occur singly or inlong chain
either near or in between the heterocyst. They arecy-
lindrical, ova or spherical in shapeand aregenerally
produced when to dgae growsin nitrogen deficient me-
dium. Anabaenareproduces by vegetative and asexua
method, e.g. By herbogonia, by akinetes (or spores,
by heterocyst, and by endosporces.

Chlordla

Chlorellais an algae which belongsto the class
chlorophyceae, itsgenusbeing chlorella, thelatter in-
cludesabout 8 speciesout of which 4 species, arefound
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Figure4: Histogram showing seasonal variation of concen-
tration of airbornealgaein Jhariacoalfields
in India, namely: C-Valgaris, C-gonlomerata, C-
Conduetrix and C-Parasitica. Although They occur
invariety of habitats, most of them occur asphytoplants
infreshwater ponds, ditchesand other water reservair,
afew aso occurring in brackish water near the sea
shore. Notwith- standing this, some speciesof chlo-
rellaared soterrestria and grow on moist rocks,damp
soil, wells, treetrunk etc. It hasbeen reported that some
speciesoccursin symbiotic associationwithlichensand
invertebrate (C-liching).

The vegetative structure of algae chlorellaisa
simple, small, unicellular coenocystic and nonmotile
colonia form. It vegetative cell possesswell defined
cell wall snglenuclear and singleparietal chloroplast
with singleparanoid. Thecdllsof chlorellaareusually
found solitary but sometimesthey has been observe
tofarm colony of irregular out line, the vegetative cell
being spherical elipsoida in shape, measuring about
2-10mu in diameter. Each cell isbounded by athin
celulosecdl wall. Thereproduction of chlorellaageae
doesnot occur by nuclear divisioninreproductivecell
viacytoplasmic cleavagerather it occursby zoospores
and autospores.

Theimportance of thesealgaeliesin (1) itseco-
nomicvaueinthat itisan edibleaga, possessinghigh
nutritiveva uewith contentsof about 50% protein, 20%
lipids, 20% carbohydrates, essentia amino acidsVita:
minand minerd, sdts. Exploitingitshigh nutritivevaue
itisfinding increasingly greater use asfood or food
supplementsfor human consumption in Japan, Isragl,
Germany, Holland and America. (2) Itisused in mu-
nicipal savagedisposal whereinit actsasan aerating
agent through removing CO2 and restoring O2 by the
processof photosynthesisasit helpsin aerobic decom-
position of sewage(3) Thisagaisusedinphysiologica
experiment particularly related to photosynthesisand
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respiration, whereinitspropertiesof multiplyingfastand
showing all thebiochemical processareakinto higher
plantsare exploited (4) chlorellaisused in spacere-
search for providing ready source of oxygen evolved
during photosynthesis(5) Thisalgabeingusedintria
runsto control global warming by sprayingtheagaein
theatmospherefromtheair craftsflyingit high dtitudes
and (6) thisagaeisganfully used for the production of
theantibioticclordlin.

Notwithstanding the af ore mentioned economic
ganschlorellahasa so been reportedin afew sporadic
studiesto be possessing sometoxicity, thoughiit still
remainsto be conclusively confirmed.

Fragilaria

Belonging to the order Pennales of class
Basdillariophycae, thediatom Fragilariaisamarinedga,
golden brownin color. As stated above, thealgaisa
member of the araphide pinnates, which, accordingto
Medlin and Kaczmarskd®, are polyphyletic. Itisuni-
cdlular microscpic photosynthetic organism, whichmay
befilamentous. Thecells, being regular and taperedto
the poles, areknown asfrustulesand arelike oblong
boxes. Thefrustulesare comprised of two haves, the
lower hypothecaand upper epitheca, both of which
whenfitted closdly, look likeacandy box or Petridish.
Though it doesnot have araphe, the striae producea
longitudinal gap forming a pseudoraphe. Its golden
brown colour isdueto the presence of xanthophyll,
mainly fucoxanthin, diatoxanthin, and didinoxanthin,
besideschlorophyll -aand c. It reproducesvegitatively
viacedl division (mitoss), asexually by autosporefor-
mation. Sexual reproductionisrare, but, if present, is
amoeboidisogamy.

Oedogonium

Thisagabelongsto class chlorophyceae family
oedogonic caeae. They areaquatic and grow infresh
water ponds, pools, shallow |akes or even slow flow-
ing stream. They usually occur as epi phyties on sub-
merged aguati c plants. Oedogoniumismulticdlular fila-
mentous a ga, thefilaments of which are unbranched.
Each cdll of filament islong cylindrical and possesses
thick andrigid threelayered cdl wall. Theinner layeris
pectic and outer most layer ismade up of chitin. Each
cell isuninucleateand nuclear liesinthe peripherd cy-
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toplasm. Thechloroplast characteristically possesses
pyrenoids(siteof starch synthesis).

Growth of filament occursby cell divisonany cell
of thefilament except thebasal cdll whichiscapable of
divison. Fewintercaary cellsof filament possessring-
liketransversedtriations, called caps. Thecells, having
caps, arecdled capces and they function asreproduc-
tivecdlls, duing both sexua and asexua reproduction.

Reproductionin oedogonium occurs by vegetative
asexual and sexual methods (a) vegetative raped by
fragmentation. (b) Asexual reproduction by Zoozpres
and Akinetesformation.

Sexud, Reproductionisoogomous. Thefemad esex,
organ isoogonium and male sex organ isantheridium
the sexual reproduction usually occur inthefilaments
growingin quitewater after acertain period of vegeta
tivegrowth. Theexternd conditions, whichfavor sexud
reproduction, arehigh pH (alkaline) and deficiency of
nitrogeninwater.

Chlorococcum

A non-motile, colonial, fresh water green alga,
Chlorococcum belongsto thefamily Chlorococcaceae
of order Chlorococcadesand division Chlorophyta The
green color of itsthallusisdueto the presence of domi-
nant pigment Chlorophyll aand b. along with traces of
carotenoids. Itisasubaeria alga, growing sometimes
on damp soil or brick work. Themost distinctivefea
tureof thisagaisthedtriking variationinszeof vegeta-
tive cells, which are uninucleate and contain parietal
chloroplast withsnglepyrenoid. Thecdlsbecomemulti-
nucl eate at thetime of reproduction. Vegertativedivi-
sionof thecell isabsent. Reproductionisboth asexua
and sexual. The former takes place by biflagellate
zoospores, whilethel atter takes place by formation of
biflaigillate gametes. Both zoosporesand gametesare
formed by cleavage of multi-nucleate protoplast into
uninucl eate ssgmentsand their metamorphoss.

Gloeocapsa, Lyngbya, Phor midium, Pectonema

All these are blue green agae belongto theclass
cynophyceae and are also commonly called
cyanobacteria, thecommon characteristic of thesed -
gaebeing (1) They are cosmopolitan or ubiquitousin
their distribution and occur usualy intropica part of
theworld and (2) Most species of thisa gae occur on
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moist soil andin cultivated lands, mgjority of thisspe-
ciesof dgaeareaguaticinfreshwater labia, whereas
othersgrow in brackish (salt) waters. They have been
found to occur as phytoplantas, blooms epi phytes or
as benthic formation on mud white afew speciesis
known to occur asendophyl isor endozoicaly. While
the organization of thethd lusof thesead gaeranger from
unicellular nonmetileformsthrough multicdlular colo-
nia formsto highly evolved heterotrichousform, some
other intermediateformsare a so knownincluding uni-
cdlular polasthali with adefinitebaseand apex, smple
filamentous formswithout hetrocytes and akinetes;
simple unbranched filaments with hetrocysts, un-
branched heterocystusfilamentswith base and apex,
heterotrichousfilamentswith falsebranching.

The cynophyceac dgaefound in thispresent study
can be put, as per above description of organi zation of
thdlus, in thefollowing category: (a) Gloeocapsa-uni-
cellular colonia form, (b) Phormidium and lyngbya-
smplefilamentousformwithout heterocyst and akinetes,
and (c) Plactonema-heterotrichousfilamentousform
without branching.

The common features of above mentioned algae
arebriefly described hereinunder

1 Theimportant pigmentspresent inthecells, which
areresponsi blefor imparting different colouration
to the algae, are chlorophyll-a, b Carotene,
myxoxanthophyll maxoxanthin, C-phycocyninand
C-phycoery thrin. Whilst. C-phycocyninisblue, the
C-phycacynerythrinredin color. Theintendty of blue
green color inthe particular speciesdependsonthe
predominenceof any of thesetwo pigments, e.qg. of
C-phycocynial ismorein comparisionto C-phyco-
erythrinif producestypical deep blue-green color
totheagee.

2 Eachdl of thedgaepossessadefinitecdl wall gen-
eraly surrounded by amucilaginous sheath, thelat-
ter may bethin or thick hyalineare pigmented ho-
mogenousand sratified andismadeup of reticutaely
arranged microfibrilswithin an amobrphous matrix.
The fibrils are composed of pectic and
mucoprlysuccharide. Thecell wal isfirmandrigid,
and two layered characteristically followed by a
plasmamembrane. Theinner contentsof thecell are
typically distinguishableintothinregionsi.e. over
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pigmented region cell chromotoptasm and central
hyaline centroplasm. Thesignificant cellular inclu-
sionincludeviz, nuclear chloroplast, mitochondria,
endoplasmic reticulum, dictyosomesets are absent.
Thesignificantly important feature of thesedgeeis
that the photosynthetic pigment arelocated in broad
sheet — like lamellae, called thylakoids, which are
restricted to peripheral part of cytoplasminunicel-
lular form (Gloeocapsa) but infilamentsfarmsthey
traversetheentire cytoplasmintheform of network
(asinphormidium, lyngbyaand plactonema) Also
somelipid globuleshavebeen found to occur within
thethylakoid, wheresphycobilisome particlesare
attached to their surfaces. It isgeneraly behind that
theselamillae providethesitesfor cellular respira-
tiontoo.

Most of the blue-green a gaewhich arefilamentous
and helerocysts, possesstheability tofix theatmo-
spheric nitrogen. Further more, it hasbeen recently
shown that even some non heterocystusform (M
plactonema, Gloeocypsafound in present study are
also ableto fix atmospheric nitrogen either infree
living condition asin symbiotic association of other
plants.

Speciesof blue-green d gae show way closefamily
inbacteriainthat (i) both are prokariotic and both
the ocganism devoid of true nuclear with definite
nuclear envelope. The nuclear material beingdis-
posed in central region, (2) the DNA and RNA
moleculeswith nuclear proteini.e. histone. (3) the
cell wall possess characteristic mucopeptide-a.e.
diaminapymallic acid and muromic acid, (4) cell
organdlalikechloroplast mitochondria, endoplas-
mic reticulum gol gi bodiesand membrane bound
vacuolesare absent, (5) Blue green algae and pho-
tosynthetic bacteria both possess photosynthetic
lamellae cell thylakoids and perform various
metobotic function such as photosynthesisrespira-
tion, oxi detive phosphorylation and nitrogen fixation,
whilefixing theatmospherenitrogen both organism
oxidized hydrogen sulphide.

Although thereno meiosisand no true sexud repro-
duction, inbluegreen algaetheir vegetativerepro-
duction, however, occur by fuson, fragmentationand
by formation of homogoniawhileasexud reproduc-
tion occursby theformation of akinetes, endospres,
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exospores, and nannocyst.

As mentioned above, during the course of the
present study, 13 typesof airborne algae components
weretrapped from theair over coalmining and coal -
based industries’ areas of Jharia Coalfields and, save
for themonthsof April and May, thepresenceof algal
formswas observed in all other months of the year,
abeitinvarying concentrations. Theatmosphericagae
found wereeither filamentousor colonia forms. While
somearegreen agae, the otherswere diatoms (blue-
green agae), with different vegetative (thal lus) struc-
tureand color (videsupra). The observed trapped a-
geeintheatmospherea different Sitesin Jhariacodfields
wereintherange 75-115 coloniesper m? of air. Contray
to thefindings of Hamilton™!, who reported rare oc-
currence of diatonmsand desmoids, in our study the
prevaence of diatoms (e.g.,) are clearly seen, prob-
ably because of favorabledimatic conditions (tempera-
ture, rainfall, and humidity) prevalentinthecodfields.
Microscopic a gaewasestimated to befew tofew hun-
dred per. m3, which are proneto be occasionally de-
posited ontheground and grow and multiply onthe soil
infavorable conditions of moisture and temperature.
Occurrence and distribution of two distinct types of
cyanophagesi.e., clear (virulent), and turbid (lysogenic)
plagque-forming strainsin natura habitat, and cyano-
phyceae, have been reported in permanent ponds, sew-
ageand ricefieldsof Cuttack®, the Cyanophages hav-
ing beenreported for thefirst timeinricefiddsof India

Corrdation with environmental parameters

A careful examination of theresultsof TABLE 2
and 3 reved sthat the concentration of thea gaevaried
during 2 yearsof studies (2006-07 and 2007-08), with
avariationin meteorologica parameterssuch asroom
temperature, rainfal, relative humidity (RH) etc. Itis
observed that the occurrence of algal population was
totally absent during summer (April, May). Thisclearly
suggeststhat high temperaturereaching up to 45°C or
moreduring extremely hot summer experiencedinthe
monthsof April and May, associated withvery low rela
tive humidity (upto 25-26%) and lack of rains, crestes
ahighly unfavorable environment for thegrowth and
sustenance of algae. However, theagd populationwas
observed to bemoderate during the months of Decem-
ber to March. Quitein contrast to this, during therainy
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season, spanning from Juneto October and sometime
extended up to November of both the years of study.
With the onset of monsoon and with thestart of rains,,
thegrowth of algal floraas observedto have started in
themonth of June, after which, astherainy season pro-
gressed and morerainsoccurred, thepopulation of dif-
ferent types of algaewas observed to begradualy in-
creasing. Maximumagal loadi.e., concentration of the
algae wasrecorded in the months of August to Octo-
ber, when the averagetemperaturewas 27-34°C, as-
sociated with averagerd ative humidity in therange 50-
60%. Thecontribution of dgaeduringthisperiod ranged
between 90-115 colonies per m? of air,. After this, in
themonth of November, adight declineinthedgd was
recorded, which ranged between 65and 80 colonies
per me of air, when the average temperature was 25-
27°C and relative humidity 50% during both the years
of study. Itisthusevident that atemperature range of
34-35°C with humidity around 60% ismost favorable
conditionfor thegrowth, multiplication, and subsequent
increaseinthe population of algaeinthecoal mining
and coal-based industries’ areas of Jharia coal fields,.
Thisimpliesthat intheenvironmentsof codfiedsingen-
eral, and Jhariacodfieldsin particular, whereusualy
relaively high temperaturesand dightly lower percent-
ageof RH prevail during summer, are not conducive
for theidentified agaetothrive. Thus,inthecodfidds,
thefrequent rainsduring therainy season play anim-
portant rolein maintaining proper RH (60% or more)
and required moderate temperature for the algae to
grow and survive. Thereason for thelow concentra-
tion of algae (< 30-40 colonies per m? of air) in the
month of July, when monsooninthemonth of Junewas
aready in place and environmental factorswerea so
quitefavorable (average temperature 36.9°C, and RH
about 58%), could possibly be that the vegetative
growth of the algae species (viafragmentation or oth-
erwise) wasintheinitia stages.

Itisfurther observed fromtheresultsof TABLE 2
and 3that, ingenerd, thereisaprogressivedeclinein
theconcentration of algae during the December-March
in both theyears (2006-07 and 2007-08). In themonth
of December of both theyears, for example, thealga
load in the atmospherewas ca. 70-72 colonies per m?
of air, after which the decreasing trend continued till
Match, inwhich monthit was at the minimum of the
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rainy season (ca. 40-45 coloniesper m* of air, whichis
only dightly higher thantheinitid load inthe month of
June. Itisthusevident from these observationsthat the
morphologica parametersduring winter, with prevail-
ing lower temperaturein therange 21-23°C and low
RH (41-45%) are not very favorablefor theincrease
concentration or load of thealgae, whichiswhy thereis
sudden and progressivedeclinein theagal population
during themonths of winter (December-March). Itis
also obviousthat rains do play and direct and impor-
tant rolein creating and maintai ning appropriate condi-
tionsof temperatureand RH during themonthsof July-
November, for thereproduction, growth and multipli-
cdionof different typesof dgaeintheenvironment atypi-
ca to codfields. Inthe course of Aerophycological in-
vestigations in Aurangabad for consecutive 2 years
(1985-86, 1986-87), the presence of algal formsin
amost all the months was observed!#19, the atmo-
spheric a gae encountered being both filamentousand
colonid forms. Inthese studies, themaost common and
frequently found algawas Phormidium, theoccurrence
of which was a'so reported in Varanasi by Singht*7,
SabinaAnis and Javed®* further reported that the
rati on between the Chl orophyceae and Cyanophyceae
was about 1 : 3 and that Phormidium, Nostoc,
Plectonema, Chlorococcum, and Chlorella are the
frequently encountered algal airsporein Aurangabad.
Inamorerecent study, Sharmaand coworkers?# while
carryingout thesampling at aheight of 2.5 m. The nor-
mal human breathing zone, characterized theairborne
agd diversity inapopuloussubtropica urban environ-
ment, of Vatanas (U.P) and showed that both airborne
and soil-born a gae are the permanent constituent of
Varanas city atmosphere, and that the nature, compo-
sition, and relativeratio of constituting groupsdiffered
among sampling sites., the Cyanobacteria,, because of
broad ecol ogical distribution, dominating thefluctuat-
ing climate. Thisfindingisquitein consonancewiththe
results of our present investigation inthat herealso a
diversity of airborneand soilborneagal florahasbeen
found and the soil-borne a gae constitute the bulk of
aeroagal flora, plausibly duetotheir ability towith-
stand thedehydrating effect of thecoafie d aamosphere.
But theclimatic conditions, viz., thehigh temperatures
ranging between 35 and 46°C with RH in the range
25-34%, prevailing inthemonthsof April and May in
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the Jhariacoafieldsaretoo harsh and unfavorablefor
thea gaeto grow and sustain during summer, whichis
why theairborned gaeare absent inthemonthsof April
and May. Thewidedistribution of dgaeinthecodfield
areascould well bedueto thefact that thesingle-celled
algaein aresistant resting stage (likein soil) or frag-
mentsinfilamentousforms, or fragmentsof morecolo-
nia formsareusudly trangported, in dry state, by wind
to different sites, wherethey resumeactive growth un-
der congenial climatic conditions, viz., temperature,
moistureandlight.

Seasonal variation of prevalenceof airbornealgae

Fromacritica appraisa of thehistogramsinfigure
4, showing themonth-wise concentration of theidenti-
fied airborne a gae speciesover 2 years, itisfound that
the concentration of all the a gadetected issubject to
seasonal variationinthat they weretotal ly absent dur-
ing summer (April and May), moderate during winter
(December-/March), and highest duringtherainy sea
soni.e. from July to October-November in both the
years. Thisclearly showsthat the climatic conditions
have an important bearing on the growth, and
sustainability and surviva of thealgae.. It isobserved
from the algae calendar shown in TABLE 4 that the
Cyanophyceae members (Chlorococcum, Goeocapsa,
Anabaena,, Oscillatoria,, Lyngbya Phormidium,,
Nostoc), are dominant formsof theaeroflorain Jharia
codfields, occurring abundantly in the atmosphere not
only inthewinter months (December to February) but
aso occurred moderately inthemonthsof March, April
and eveninthemonth of July. Although our thisfinding
iIssomewhat at variancefrom theresultsof other inves-
tigators who reported prevalence of Cyanophyceae
species occurred during the warmer months in
Aurangabad*®¥, Pune®, and Varanasi™. Itisexpli-
cable onthebasi sthat compared to Aurangabad, Pune
andVaranad, thewinters(December-February) in Jnaria
codfiddsarevery mild, themaximumand minimumtem-
peratures ranging between 20-22 and 10-14°C, re-
spectively and themonthsof March, April, and July are
quite warm, with RH in the range 47-55% and such
climatic conditionsarequitefavourableand have seem-
ingly well been adopted by the algaeto grow and sus-
tain.. Itisfurther observed from thealgae calendar in
TABLE 4 that Chlorophyceae members (Oedogo-
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nium, Plectonema, Spirogyra.n Chlorella, Frgilaria
and Navicula) also occur abundantly in the cooler
months (July-November) and moderately inthemonths
of December to March, and also in July. Similar sea-
sond variationwith the changein climatic parameters
(temperature, relative humidity, rainfall) and the com-
position of the aerodgd community in different partsof
Indiabut not in coafields, havea so been reported by
other investigatorg?49,

From theabovediscussions, it isapparent that the
two mgor factorsresponsiblefor regul ating the struc-
ture of theaeroalgal community in the atmosphere of
any ecificarea-codfiel sinthe present casethe physi-
ological ability of an agal group totolerate different
types of abiotic stresses, and the climatic conditions
prevalinginthat area

Allergenicity of algae

Althoughtherearereportsevincingthedlergencity
of someselected dgae, yet clinicd significanceand al-
ga metabolitesarenot fully understood nor arethe caus-
ative effectsand reasons definitively proved. But, in
general, someformsof diatoms (Cyanophyceae) and
some species of Chlorophyceae also are known for
their allergen city. The high concentration of proteinin
ageaecdlsiswel knownand playssignificantly impor-
tant rolein causing alergic reactionsin sensitive hu-
mans. Assuch, increasein the concentration (popul a
tion) of sucharbornealergenicalgaeinthearsporais
obvioudy pronetoinducedlergic disordersin sengtive
individudslivinginand around thecod-mining and cod-
based industries’ areas of the coalfields. The allergic
diseasesreportedly manifested by airborneagaeare
hay fever caused by Chlordlal®*!, persistent dermati-
tiscaused by blue-green algae Anabaenal*?. Similarly,
thediseasae ‘Ptotothecosis’, which affects lymph nodes,
liver, lung, kidney, and the dermis, is reported to be
caused in sheep, cattles, dogs, and beaversby theaga
Prototheca (a Chlorophyccean genus)“?l. Algae are
also known to cause silicosis (caused by diatoms)*4
and goitré“®!, Some other kinds of toxicosisreported
to be caused by algal toxinscalled ‘casual agents’ for
variousalergicmanifestationsincluding : dermatitisor
itching, andrespiratory alergy likehay fever, fungd fe-
ver, and dlergicrhinitig®#42465 Different typesof skin
itching caused dueto direct contact with various a gal
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material have been reported inrecent years. Thedis-
ease swimmer s’ itch; has been reported to be caused
by afreshwater speciesof Anabaena“>>, Similar types
of dgd dlergencity manifestationsevincingdlergicre-
actions, involvingblockageof nose, itching of eyes, bron-
chial asthma, and urticaria, and causing of hay fever
symptoms by | ake swimming proved and attributed to
the algae Phormidiumand Lyngbya, have a so been
reported by other investigatord™9, Variousgrades of
algal respiratory dlergies, namely, inhaant alergy in
children, hay fever, Tingui or Tamandanefever, positive
skinreection, dlergicrhinitis, nasobronchid dlergiesetc.,
have been reported from different partsof theworks
during thelast 20-25 yearsa so highincidencesof posi-
tivereactionsto agd organismsin housedust sensitive
patients have been reported by aerophycol ogists®
59801 |shida®, in hisvery recent clinical study, hasre-
ported that the major chronic disease, gastric ulcer in
Thailand, iscaused viachangein themorphol ogy of six
host speciesof thealgal host Chlorococcumin asso-
ciation with five generaAnabaena, Cylindrospermum,
Mojavia- Nostoc and Oscillatoria-Phormidium-
Lyngbya complex.

It isnoteworthy that the changing weather inthe
Jhariacodfiddsinthemonthsof February-March-early
April, and September-November coincideswith the
frequent occurrence of asthma, bronchial rhinitisand
common cold andflu. Hence, it could bewell possible
that thedlergenicagd form prevaentintheatmosphere
of the coamining and coal-based industries’ areas of
coafieldsin general and Jhariacoalfieldsin particular
areresponsiblefor causing dlergicreactionspreva ent
during themonthsof the year, which arecommonly but
erroneoudly, attributed to wet conditionsand change
inweather. Therefore, it needsto be serioudy and sys-
tematicaly investigated in repect of al the aspects, in-
cudingdinica sudies.

It, thus, manifestsitsalf clearly that the health and
the physiological processes of human beings can and
often do, get adversely affected by theimpact of air
borneagal particulatesthrough their inhalation, con-
tact, dissemination and deposition (viaconsumption of
algal food and food supplementsusingtheagaChlo-
rella) in the human systems/organs, which, in recent
years, has been amply demonstrated through severd
clinicd investigationstoo.
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All the13agd forms, identified and characterized
inthe present study, areinhalant types, whilesomeare
both inhalants and contactants, and some even
ingestants.. Of these, al the seven Cyanophyceae mem-
bers (Chlorococcum, Goeocapsa, Anabaena,
Oscillatoria, Lyngbya Phormidium, Nostoc) are po-
tentidly dlergenic, whilemanifestationsallergenicity by
some Chlorophyceae members (Oedogonium, Spiro-
gyra. Chlorellaand Navicula) have aso cometolight
inrecent years. Although different typesof respiratory,
skin, and other diseasesare prevaent in coal-mining
and coal-based industries’ areas of Jharia coalfields,
yet, intheabsence of any details, and systematic clini-
cd studies, itisvery difficult to attributethe diseaseto
any particular allergen. It should awaysbebornein
mind that theatmosphere of coalfieldsiscomprised of
both abiotic (RSPM, SPM, SO,, NO, ) and biotic (pol-
lengrains, fungd spores, dgd filaments, dust mites) air
pollutantsinassociation with finedust particles, and each
component playsitsrolein causing varioustypes of
dlergicdisordersand allmentsanditisrather difficult to
pinpoint asto by which particular alergenthe disease
has been caused. It isnow fairly well recognized that a
detailed knowledge and characterization of thesed ler-
gens and more particularly identification of the
metabolite(s) from the suspected allergen (inthiscase
theidentified agae) will provideauseful tool inthetreat-
ment and/or preventing the effects of specific
aerodlergensin different individua s sensitiveto that
particular typeof dlergen. Clinicd investigationsonthis
line have beeninitiated and theresultsof such studies
will bethesubject matter of our future communication.

CONCLUSIONS

The present investigation hasrevealed the preva-
lence, inthe atmosphere of Jharia Coalfields., of 13
speciesof agae, bel onging to class Chlorophyceaeand
Cyanophyceae, viz., Anabaena, Chlorella,
Chlorococcum, Fragilaria, Gloeocapsa, Lyngbya,
Navicula, Nostoc. Oedogonium, Oscillatoria,
phormidium, Plectonema and Spirogyra, some of
which arepotentia alergens, responsiblefor causing
hedlth hazards manifested by different respiratory, skin,
and other alergicdisordersin humans.. Thealgal load
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(population) issubject to seasona variation. Savefor
the month of April and May, the preval ence of these
agd specieswasfound throughout al other months of
theyear, dbetintheir varying concentrations, themaxi-
mum concentration being during therainy season (July-
October, evenin November also). All thesealgae are
mostly inha ant types, while someare contactants (Ana-
baena, Fragilaria, Lyngbya, Phormidiumand inges-
tant Chlorella) too. Almost all the diatoms exhibit
alergenicity, with potentia for causingalergic health
hazards (like hay fever, nasal blockage, bronchial
asthma, alergicrhinitis, eczema, persistent dermatitis
and other skindiseases). In humanslivinginand around
coa-mining and coa-based industries’ areas (Cement
factory, Fertilizer factory, Coa waheries, Coke-mak-
ing Plants) of Jhariacodfid ds Systematicidentification
of the specific metabolite(s) fromthesuspected dlergic
disease-causngdgaeandther corrdationwiththedis-
easethrough clinical investigationsarehighly desirable.
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