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Clay Minerals and Phosphates Found in Biomats by the Side of the Well
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Abstract

Vivianite (Fe3(POy); *8H20), an iron phosphate mineral has been identified in biomats produced around As polluted tube-
well, which is used for drinking water in Hazigonj, Chandpur, Bangladesh. The As polluted groundwater and biomats (brown,
green and gray) were analyzed by ED-XRF, XRD and optical microscopy, complimented with SEM-EDX. The biomats are
composed mainly of metabolically active microorganisms such as coccus, bacillus and filamentous types of bacteria and algal

filaments. A small amount of As accumulation in biomats is evidenced by SEM-EDX. Furthermore, X-ray powder

diffraction patterns revealed that the formation of vivianite in different colored biomats (brown, green, brown and gray),

which is a secondary mineral composed mainly of P and Fe, in association with quartz, feldspars, illite, chlorite and

cordierite. Vivianite possibly contains a small amount of As by isomorphic substitution for P, resulting solid solution of

symplesite. The microorganisms may play an important role in mineralization of iron phosphates.
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Fig.1 Locality map of the study area showing sampling
locations (D Dherra, @ Noadda, @ Raycho and @
Barkul) at Hazigonj in the district of Chandpur,
Bangladesh.
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Tablel Groundwater quality in four locations of Hazigonj
in Chandpur, Bangladesh.

Location pH Eh EC DO WT
(mV) (mS/cm) _(mg/1) (°c)

‘D Dherra 72 404 28 1.7 21.1
@ Noadda 7.2 489 0.5 49 21.1
® Raycho 74 431 17 38 21.1
@ Barkul 7.2 459 0.5 37 21.1

Eh: electrode potential vs. standard hydrogen electrode,
EC: electric conductivity,
DO: dissolved oxygen. ( measured on 24th Feb. 2001)

Table2 ED - XRF analyses of groundwater and biomats
collected from location @, @, @ and @ of Hazigonj
in Chandpur, Bangladesh.

location @ location @ location @ location @

Elements

Water

8.7
116
nd.

255
13
nd.
nd.
130
38.7
0.7
nd.
0.2
0.1
03
0.1
100.0

Na
Mg
Al
Si

334

Cl

n.d.; not detected,
tr. trace.
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Fig. 2 Optical micrographs of biomats collected from four locations. Brown biomats at location ), green biomats at
location @), brown biomats at location @), and gray biomats at location @ profusely occurred around the tube-
wells. Optical micrograph of brown biomats -A showing the coccoidal colony associated with dense brown
materials. DAPI (4’, 6-diamido-2-phenylindole) stained epifluorescent microscopy indicates the presence of
autotrophic and heterotrophic bacteria associated with yellowish mineral particles (D-B’), In green biomats
(@-A) the colony of photosynthetic bacteria and algal filaments is observed. DAPI stained epifluorescent
microscopy also confirmed the presence of autotrophs and heterotrophs (@-B). Optical micrograph of
brown biomats (@-A) showing the colony of coccoidal and filamentous shaped bacteria, those are
associated with dense brown materials. DAPI stained epifluorescent microscopy indicates the presence of
autotrophic and heterotrophic bacteria associated with yellowish mineral particles (®-B). In gray biomats
(@-A) the colony of coccoidal, photosynthetic filamentous bacteria and algal filaments is observed. DAPI
stained epifluorescent microscopy also confirmed the presence of autotrophs and heterotrophs (@-B).

7
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Fig.3 SEM micrographs of brown biomats (location @) green biomats (location @), brown biomats (location ®) and gray
biomats (location @) showing the microorganisms associated with crystalline materials. EDX analyses of biomats
indicate the major chemical components of P, K, Ca, and Fe associated with Al, Si, S, Ti, Mn and As, suggesting
presence of vivianite and clay minerals.
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Fig.4 X-ray powder diffractions of four colored biomats
(brown, green, brown and gray) collected from lo-
cations @, @, @), and @ exhibit the diffraction peaks
of vivianite (V), quartz (Q), feldspars (F), illite (M),
chlorite (Ch) and cordierite (C).
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Fig.5 Comparison between an observed XRD profile of the
biomat sample from location @ and calculated XRD
profiles of vivianite (Vivianite-cal) and symplesite
(Symplesite-cal). The observed profile contains peaks
of quartz (Q), feldspars (F), illite (M), chlorite (Ch) and
cordierite (C).
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Fig.6 XRD profiles of the biomat sample from location @
treated by heating (600°C, 900°C), ethylene glycol
(EG) and HCI solution using oriented samples. The
profiles exhibit the diffraction peaks of vivianite (V),
quartz (Q), feldspars (F), illite (M), chlorite (Ch) and
cordierite (C).
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Fig. 7 Crystal structure of vivianite (Fei ™ (POy), *8H-0) and
symplesite (Fe;'(AsO,), «8H,0) which are related to
each ogher by isomorphic substitution between P°*
and As’*. Counter -rotation of coordination polyhedra
which is illustrated by arrows in the figure can be a
favorable mechanism to relax the expansion of crys-
tal la_ttice caused by isomorphic substitution of As’*
for B2*,
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% Fig. 3-QOBCRKEH L@ -20 P RKEdl 72 23, FEhE

AR > S BRI P ESIL EFE S NS, %8B,

ANV YA b Mgg(ASO4)2 8H,O, =22,V )v b FECO,

(AsQOy); *8H,0, = v 7 )V 3E Ni(AsOy), « 8H,0, 7 v

T4 Y% 74 b Zny(AsOy), +8H,0 7 FEESRFLIE IR T

% FEP) O RN 13 T e FENVE AR TIDEAE S 517, 4K

FDNAZF Ry FORKRBEREBICBLTY Fed™ £ As 28

NWAF=y VRTINS LRBREBERTZEEZ NS,

NA X~y b OHFEFHREHES 0 5, 390~550 ppm

YORBED As PRI N T2 Z b SEREDO—

MHOMESICEL LI HFZ 505 (Fig. 30).

I 2 CESEY MBS BT 2@ E O G

TSR 2 281 L CRIEFERN B F R 2 A 5. Zh




3% B1E

Bz & 2 LESST 517 3 P-0 A OV 54A
Th 5Dt L THESE DO As-O & O ERE
1658 TH Y P FED AT 12 & B ARERIL KT
DRSS T ENHHFEINS (Fig. 7). Ly

L, T O T E BB #gh0 a=10.086A, b=13.441A,
c=4.703A, B =104.27" 15t L CHEESSIE a=10.254,
b=13.48A, c= 4.71A, £=103.83" &, PUE{AHESHERE
DERZREI P IOKER ali ARIZBRW TRk,
IHIEN\EED Fe-O fEHEBNERLO 214 A »5
MESHL D 2018 AET 3 2 L TRTFLEDOREDS
MEIESNTwBE:HTH5, LirL, FeOs N\HEDIL
e 3B OBERELESBEORELSFEZOND,
ESgn, MEKFOBELBECB VT Fig.7 KR
& 5 CWEEY 4 XD IE U TR % EE 2 0t [EER
DI ETHRTFYA RO EBRIT 2 2 L3S,
IDZERZEEORKELRD L BEBRIIBHD S
2ZERFBLTOIEY, EESOMOMED EHRE Lt
ESg oM TR2BEBEBEET 2 0Er 2L LT:
MEIZ 2w,

ZITHED: O IHIKEEICB T 3P0} & AsOj~
ODREBHRY*EET 3. ZORECHT 2B 1 &
% ¥, Caio(POys)s(OH);—Caio(AsOs)s(OH), [ T ik % &
TEHBEERBEEL ROV I EBBREIRLTWEY, 20
B 2B T PO} & AsO}” ORIBEB#IZILL Mo h
TBH, I Ay Mg (Mimetite) Pbig(AsOy)sCly & #&
$44i. (Pyromorphite) Pbip(POy)eCly IX5ZL2EE T 5.
¥ 7z, Persiel 213 7 v F8 K (Fluorapatite)
Cas (POy)sF @ EPMA 2 &k 2 BFrath 217w, P* &
DEBERD AT 2 & > THRKTASO—F THEEHIC
BN Z L 2HEL T3,

LLE®Z & & XRD 54447, SEM-EDX 447 O H %
EE/T 5L, EPRICBT 2 HFALRS Wiz 4
A=y NHOEKFICEWT PPT O—EHB AST 12
$o TEBINEBEEBR L TWAHREENH S, %
1z, EESKELE UIE U ISHERBRER L WB O L OB R
VIORBICET S 2 ENHoNTHBD, P TROEL
wAEDE, BoOBELHELAVBERINTHS, FH
FRER L OBOKEEHH OHEY O BIRKE LB X
0.06~0.43 wt% D AsHEEhTBY, ZO¥tHT
KELIEZNZTFVTICH P L Fe DBESAD S N1-R
D, INHEMFEORERE ST 25 LEHKFOTREMD
b5, EFRICBNT, N A=y bR LEEY L E
BEPHET L L BRDSNzDOT Fig3 @-10
SEM&TaA SN 3 & 5 IMEMDO—IRIE 3 Tl ek
CEBSNTOLAEENRH S, 77, SEED As i
0L Tt b 5 MEMIZ, MRAFEELEEMTL %
H, BEELTWEZEdFEZoNE, LI L2
As O E L iBicOWT, pH7 T 1mM @ MPO4
i (KH.PO, & KoHPO, 0 1:1 %I & 2 HiHEER
X, BREAOHEESR VL, 24V VEMBRKT
HHLWESHTVEY,
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X 5z, location @ IT& S BHCREESRIZ, HEK
FD As #E D AA THESKE OEBERS & L TER
EhlztFEzohs, &51Z, location D~@D /34 F
<~y FODEDX DNy 7 757 EBNEWI L oHHE
VIOFEHELHSHTH S, B, V) VBEGY LS
FOP L AsA AR5 THB70, g4I
(X0~ i3, AHEMOHFADOPH X7 THD,
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As, AsH; Th» 3. %7, EhfEr 2 VBRILMTH %
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53, Fe BE&KIE L L THELTBY, BKXAEED
V) UEESIMC B 5 P-As OBEIABREEET 5 LE
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TR FOBHET B 2 Eh o, MEVMEERCER
L7z 2o O LS OREIER D As OREE %2 RAE L
TWAHAREEEZ R L T3,
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