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Arsenic is a carcinogenic compound widely distributed in the groundwater around the world. Long-term exposure to arsenic contaminated water is known to increase the risk of skin-, liver-, bladder- and lung cancers. The fate of arsenic in groundwater depends on
the activity of microorganisms which biotransform arsenic either by using arsenite (As"'), as an electron donor (arsenite-oxidizing bacteria), or by using the arsenate (AsV) as an electron acceptor (dissimilatory arsenate-reducing bacteria). Because of the higher toxicity
and mobility of As'' compared to AsY, a bioremediation strategy has been developed to utilize the microbial-catalyzed oxidation of As'' to AsV.

OBJECTIVE

INTRODUCTION

The two most important oxidation states of
Inorganic arsenic in agueous environments
are:

AEROBIC OXIDATION
B Well studied.

B First aerobic arsenite-oxidizing
bacteria recognized in 1918
(Green, 1918)

B Widely distributed in different
environments (Inskeep et al,
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As'' or Arsenite: H;AsO,% H,AsO;

Arsenic MCL = 10 ug/L

As'! is more toxic and mobile than AsV
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RESULTS

ELECTRON ACCEPTORS: Flexibility — EC1, EC3 & MC oxidize As'' with NO;" & O,.
H,AsO, + NO;- —> HAsO,*> + NO, + 2H*
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The Role of Microorganisms in the Arsenic Cycle

ANOXIC OXIDATION
As' oxidation .
® Isolated MLHE-1 strain from
arsenic-contaminated lake, CA, linked

partial denitrification to As'"

oxidation (Oremland et al, 2002)

H,AsO, + NO, — H,AsO, + NO,

e-acceptor

0,, NO,’

(0)
11, . .
HO-As-OH ™ Strains D.A01 an.d DA01.0 isolated
I from arsenic-contained soil appear to
link As'"' oxidation to complete

denitrification (Rhine et al, 2006)

MICROORGANISMS

5H,AsO; +2NO; —
5H,AsO, + N, + 8H*+ H,O

B Strains EC1, EC3 and MC
isolated from pristine sludge and
sediments cause complete
denitrification (Sun et al, 2009)

Organic matter
e-donor

As' reduction

A summary of the results is presented in the table below.
Positive results are in red.

ELECTRON DONOR: As''' 0.5 mM

Electron
acceptors (mM)

KNO,
(1.5 mM) T T T
NaNO,
(0.5 mM)
O,
(0.35 mmol/L ;)
NaClO,
(0.25 mM)

Azoarcus sp. EC1 Diaphorobacter sp. MC Azoarcus sp. EC3

+ + +

ELECTRON DONORS: Flexibility — EC1, EC3 & MC reduce NO;" with H, & acetate
H, + NO; —> NO, +H,0
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ELECTRON ACCEPTOR: NO; 1.5 mM

Electron
donors (mM)

NaAsO,
(0.5 mM)

CH,;CO,Na

(0.35 mM)
H2

(0.35 mmol/L;;,) T T T

FeCl,.4H,0
(1 mM)

Na,S.9H,0
(0.125 mM)

MnSO,.H,0O

Azoarcus sp. EC1 Diaphorobacter sp. MC Azoarcus sp. EC3

+ + +
+ + +
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Azoarcus sp. strain EC1

EC isolated from bioreactor:
Anoxic oxidation of arsenic
linked with denitrification

Batch Experiments

Gas Phase (40 mL)
N,/CO, 80:20
He/CO, 80:20

Liquid Phase (120 mL)

100 mL basal medium
* 10 mL e-donor solution
* 10 mL inocula

pH =7.2. HCO4 buffer

0.5 mM As'!!
1.5 mM NO;

The scope of this research was to better understand the physiological role of three isolated pure cultures, Azoarcus sp. strain EC1, Azoarcus sp. strain EC3 and Diaphorobacter sp. strain MC, involved in the
anoxic oxidation of As'!. The three isolated nitrate dependent-arsenic oxidizing bacteria were characterized by studying the oxidation of As'' to AsY and other electron donors with different electron acceptors

.

Strains EC1, EC3 & MC

Isolated from pristine, arsenic-free environments (Sun et al, 2009)
Azoarcus sp. strain EC3  Diaphorobacter sp. strain MC

' i

MC isolated from duck
point sediment
(Agua Calientes Park)

EC isolated from duck
point sediment
(Agua Calientes Park)

MATERIALS & METHODS

' As!ll + e-acceptor AOB . AsY
- Nitrate, NO; - Nitrite, NO,’
- Oxygen, O, - Chlorate, CIO;"
NO;+ e-donors AOB . products

- Arsenite, As'" - Ferrous Iron, Fe?*
- Manganese, Mn?*

- Sulfide, S%

- Hydrogen, H,
- Acetate, C,H;0,

CONCLUSIONS

@ Azoarcus sp. strain EC1, Azoarcus sp. strain EC3 and Diaphorobacter sp.
strain MC are able to oxidize As'' with:

@ The three strains were characterized as facultative autotrophs, which
can grow with the inorganic substrates, As'' and H,, as well as with acetate

@ The three strains linked As'''and H, oxidation to partial nitrate reduction
to nitrite. Nitrite was detected as the final product.

@ The bacteria were able to grow with As'' even though they were isolated
from As'' free environments. This was most likely due to their flexibility to
grow with more common occurring substrates such as H, and acetate.

@ These results suggest that AOB can be present in a contaminated aquifer:
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