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ABSTRACT

The paper deals with the nature ¢f mine dralinage in the
North Bastern Coslfield, Assam /India/, The drainages from
these mines are found to be acidic with high sdphate rang-
ing uptc 1500 ppm and iron content rising upto 40 ppm. The
total sulphur in coals is upto 7 % out of which SO-E% % is
non reactive organically found sulphur, The acidity mainly
arises from the oxidation of pyrites of coal. Microscopic
studies revesl that both the reactive /size 0-5 micron/ as
well as stable /50 micron/ pyrites are present in coal samp-
les studied, Leaching studies indicate that oxidation of
reactive pyrites followed by dissolution of sulphate sul-
phur is sufficient to produce the observed acidity and or-
ganic sulphur does not seem to play any significant role

in acid production in mine drainages. The presence and che-
mical activity of iron oxidising; sulphur oxidising; and
iron sulphur oxidising bacteria in minewaters was ascer-
tained by the chemical oxidation of Perrous iron to Ferric
iron; decrease in nH and production of acid. Iron and sul-
phur axidising bacteria which are having maximum activity
were examined under electronmicroscope for morphological
study. The rod shaped bacteria with rounded ends, size vary-
ing from 1,20 -~ 3,20 micron in length and C.5) - 1.25% mic-
ron in breadth are identified as Thiobacillus ferrooxidans.
This bacteria is found {o accelerate the sulphur leaching
rate from coal and is indigenous to mine drainsges.

INTRODUCTION

One of the major problems encountered by the coal nmining
industry is of removing the water that percolates into the
mines, The mine drainages in some coal mines of North Eas-
tern Coalfield /NEC/, Indiz, sre found to be acidic and
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highly corrosive i]j. The problems arising out of these
acidic drainsges are gxiremely complex and variable in the
region. The well kmown adverse sffects due te these acidic
mine drainsges are potable water supplies,; logs of recres-
tional valuss, corrosion of the mining machinery and envi-
ronmatel degradation,

4 1ot of resszarch has already boen done periaining 36 ge-
neral aspects of acidic mine drainages in other countries
but no such work has so far been reported about NEC mines.
However, studies on the distribution of different forms of
sulphur in the high organiec sulphur ftertiary coals of HEC
were reported vecently [Z]. This study has been undertaken
to understend the mechanism and fto study the various factors
respousibie for the acid formation in NEC, Assam.

EXPERIMENTAL
Collection and finalysis of ¥ater and Cosl Samples:

Original cosl samples &s well as fresh mine watoer ssamples
were obteined from Ledo and Baregoloi Colilieries. Standerd
methods were employed for sstimetions of variocus conati-~
tuents in water samples [3]. The pH was measured with a
Philips pH meter. Coal samples were analysed for total sule
vhur, pyritic sulphur and sulphste sulphur according to
standard proceduresngil. The amount of organic sulphur was
obtained by deducti he amount of pyritic and sulphate
sulphur from toal sulphur. Iron was estimated spec-tropho-~
tometrically by using VSU2-P spectrophotometer.

Growth of Bacterias

The culture growth preparation ¢f iron-~oxidising, sulphur
oxidising, iron and sulphur oxidising bacteriazgare ?gne as
describved !5]. The media were analysed for Fe ", Fe’" iron
and development of scid measured by titrating 1 ml of the
growing culture against N/100 NaCH sclution.

Microscopic Studys

The bacteria were observed under ordinary microscope at
X1000. For electronmicroscopic study, cells of irom and
gulphur oxidising bacteria were harvested by cenirifuging
in refrigerstion at 15.00C rpn for half an hour. The hear-
vested cells were negatively steined with 1 % phoapho-~
tungstic acid and viewed in Hitechi Eleciron microscops

at X9600. Size of the baciteria were messured from electron~
photomicrographs.

Prrites of the cosl samples were mounted on a polished sec
tion and viewed with reflected light through an oil immer-
zion lens attached %to micrscope at Z500. Size of the per-
ticles were measured from the whotomicrographs,
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Leaching Studies:

Coal samples were crushed to pass a 4 mm sieve retained by

& 2 mm sieve. 5 gn of powdered coal sample was taken in 1
litre Erlenmeyer flask and %o this 500 ml of X ,50, acid leacn
solution wes sdded, In the microbiological expg éents,
addition to the above 10 ml of amctive culture of iron and
gulphur oxidising bacteria containing 10° cells/ml waes added
in each set of experimente,

RESULTS AND DISCUSSTION

The chemical analysis of minewater samples /Table 1/ shown
that they contain high sulphate, hardnees and acidity con-
tent, coupled with low pH. This indicates that the waier
flowed through coal seams and strata which contain suffi-
cient amount of sulphates and reactive pyrites [6]. The
high hardness values coupled with high scidity and low M
infers that the primary cation contributing to it is soluble
iron., The pH of the ground water when passed over mined

coal censiderably decreersed from 6.9 to 2.7 and 4.1 indi-
cating the veriation snd difference of reaciivity of pyrites
in the two mines {6, T].

The distribution of total sulphur and ite forma in two cosal
zamples is shown in Pig. 1. In these coals, organic sulrthur
ig predominant and this organically bound compenent is ge-
nerally net chemically reactive 8 . Tnis iz further supper-
ted by ths chemicel amslysee of mins waters, The difference
of acidity produced in two mines ig meinly because of the
aeaociated pyritie sulphur content and indepsndent of the
amount of total sulphur present in coal.

Micrescople obzervation of ﬁﬁ&l samples revsals th&t both

ghotograph 1, Sha pyrites occur as ﬁpbaroidq o]
iusters of the size of ©.5 um and in ghotegraph 2, thess
again codur as spherolds of diffesrent sizes, i.s. {rom
G=5 uni, 5=-50 um and »50 um. Among thess resctive pyrﬁgﬁp
the framboldsl type /perticle size -5 um/ i3 extramel;

tive and degnposes repidly 4o oroduce sevare acid F?ﬁﬂ
negss 18], The other pyriies aversging 50 um fpho%a
phs 1, 4/ are relatively etabla, @P@ atﬂdmt% tn@y p?@w
e can be readily neutraslised
rock atrate smé in ground wute Z
icel charectsristice of waier in varicus leveis of ool
in® are sxpiainsd by above facts,

EE

sregence of iron-oxi
iron and sulphur-gxidis

certained by chemical oxidatioc C FeS0, to Foy Foy G
crease in @ end oxidet of sliwiur & H.80 acid; as

reprssented in Fig. I, IY end IIX a‘gpef‘iwﬁjﬁ The oxi-
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dation of Fe' irom o Pes” iron fcomu]euv in 10 to 16
deys/ decresse in i /from 3 5 ta 1.4/ And nrodu"tlon of
acid /4.2 to 7.5 ml of N/100 NaCH consumed by i wli of grow-
ing culture in 25 days/, 15 meore in the experiments wit
minewaters as :nc§$laa compared to the con&goi, ®With minge-
waters all the Te iron is oxidieed to Fe~ Iiron whereas
in control only 25 % oxidation took place during the sase
period /Pig. 1./, This confirms the role of the bacteris
a5 blocstalyst in AMD production {31 . The above results
alse 1 ate thaet snlphu ;ng bacteria alone 4o not
influence the scid formation etion rave buk
sulphur oxidising vacteria exhibit = 1@§ter zffect in ac-
celerating the oxidation of Pe™ ¢ :o T oand thus contrie
pute & isrge part of acidity ass ¢ with =seid mine drai-
nages 110, 11},

Iron znd sulphur oxidising brmcteris used a2s imeculzr in mic-
rowiciogical leac xperiments was observed
scops as rods. Fresh 1ture wheir obsa:
scops exitibits that the bateria are moti
single. Electronphotomicrographs /photogr ¥

the morpho}cgy 9f bvastearis. The ma&tar;a RBIe rad mharea with
vounded ends and confazin single polar glagellum,. The size

of baoteria ieg 1.20 ~ 2,20 um by 0.%2-1,.25 um which is iden-
tified as thiohacililus-ferrovidanz ss confirmed by variocus

r micro~

show that
mhxf leached i8s great@r
I " kaoteria, b‘zlﬂhur legachsed
in bo the voal samples is o rritic swd sulphate
su1phur /Tavle V./. The organio y more or less
unaffected. The bacteria accelerate the zulphur leaching
rate censﬁua“ablv after getting active an' hence expiains
the slow rete ia the initial stsge. Sulpnhur leachi 3
after 20-2% days ig microbislogical experimentis i
gome inhibition of ectivity of bacteria. At this
alongwith sulphur leasching some ivon alsa started
leached out which is further oxidised to ferri
wimogpheric oxygen and bactsriaz, followsd by &
tation as basic iron sulpmé,eg on the bOa‘ o
form of jaresives /A Fe./SO /y/@if
Ne, ¥, and Wi, ions [L}F fhzs BUEE » fresh o
of bactsria i8 reguired after 20-25 days to cantinue uhe
lzaching of sulghur. The leaching results are based on the
act that ﬁn;phur con*&nt grgatﬂ* than 1.5 % ia expected
mine dreinages. |7 . The
cal Te&@ﬁzang exsla ng the oxi-
I /Fa3 / snd the production of acidity /H
are glven by VH& follofing equations:
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- 2-

2PeS,/S/ + 7 0, + 2 Hy0 = 2Fe%t & 45057 + 4 WY /1y

pez*+2024.?ﬁ*.1*e3*¢age /2/
3+ / + a3/

Fe'' + 3H,0 = Fe/0H/./S/ + 3 H /3

The sioichimetry of §qn. 1. shows that 1 mole of?ges will
produce 2 moles of H™ facidity/. In turn, yjhe Fe7 génera-
ted by Eqn. 1 can rsadi¥y oxidise into Fe and produce an
additionel 3 moles of H® /Egqn. 3/, The iron oxidation is the
rate limiting step of the reaction in Egn. 2 and proceeds
slowly under sterile conditions [14]. However, bacieria
greatly accelsrates this oxidation contributing a msjor
part of scidity formed in acid mine drainasge [10, 11} .
Resul%s obtalned in this investigation are also in accor-
dance with ithe chemical reactions describaed above.

In actual practice, the rate of acid production is much
higher than the resulis obtained in the laboratory. The
problem of AMD in NEC commences with the very high rain-
fall, about 400 cm annually, in the area and its ssepags
from the hill to the quarry and finally from quarry intoe
the underground nines, Field investigeticn shows that ave-~
rage humidity in these minesois above 90 %, average tempe-
rature inside is about 25-32°C and there 18 & good percen~-
tage of Ci,, CO, and O, in mine atmosphere which further
aid in eaﬁ§ pyrgte oxiaation and also help in easy growth
of autotropic merobic bacteria and ultimately lead to ra-
pid rate of acid production. Moreover the trickling of mine-
water drops from the roof of the galleries and worked ocut
seams makes the pyrites and other substances to get rapidly
oxidised by atmoepheric air. This aspect is clearly shown
by the formation of 2-3 m long tubular structuree of hydr-
oxides and dayey material shown in Pig. 4.

CONCLUSIONS

The oxidation and decomposition of reactive pyrites in

coal and associaited sitrata followed by sulphate dissolution
is mainly responsible for acid formation in NEC mines. The
organic sulphur component is found to be chemicsliy inert.
Thiocbacillus ferrooxidans /the iron and sulphur oxidising
bacterian/ accelerate the acid formation step to & greater
extent as compared to sulphur oxidising bacteria.
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TABIE II.

Totel sulphur /%4 and distrilbution of
different Forme in tetal =ulphur of coal sarcles

lcoliiery/ ! Total | Distribution /% of total sulpnur/
Goal seample .’Sulmur ritie iI Sulphete Urganic
ledo /Tirap’ 4.42 11.9 18.5 70,5
iﬁaragwloi 5.0% 2,1 17.5 30.2
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LISTE OF FLGUKRES

fhotomicrograph 1
Reactive Pyrite in clay minsrals
/framboidal type/
gsize O0-% um
2550 um
Photoericrograph 2
Reactive Pyrites
size 5-50 am
> 50 am
Photomicrograph 3
Stable Pyrite
size »50 jum
Yhotemicrograph 4§
Stable Pyrits
size » 500 pm
Zlectronmicrograph 5
Iron- and sulphur-oxidising bacteria
/Thicbacillius ferrooxid&ns§
X g 600
vlectronmicrogragh &

Iron~ and sulphur-ocxidising bacteris
/'Phiobacillus ferrooxidans
X9 600

sizeg 1.20 - 3.20 um long
Q.52 - 1.25/1:1: wide

Fig. A

2=-3 m long tubular structures of hydroxides and clayey
material formed in walls of worked oul seams
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