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Introduction 

Witrate and perchlorate are growing worldwide pro'plem-s as mobile 

.Biological reduction of nitrate and perchlorate in grornn 
under development as a technology to a dress these problems 

.Proposed EPA groun t i s l y g / L (  

.Two major sources of nitrate are over-fertilization and animal 
farmddairies 

anionic groun 

- , 1 /  K n T  \ ximum conta inant  Lewa jhlLL/ IS 10 

.Perchlorate contamination is primarily from DoD propellant 
production and disposal (ammonium perchlorate) 
.Use of nitric and perchloric acid at LANL without adequate removal 
upon waste water treatment resulted in groundwater contarnination 



enitrific 

for microbial cell. growth 
@Process sequentially reduces nitrate to nitrite, nitric oxide, 
nitrous sxi 2 and nitrogen gas 
*Organisms “respire” using nitrate as an electron acceptor in 
place of oxygen, organic carbon acts as electron donor 
*Microorganisms are facultative anaerobes from many different 
genera 
.Both carbon and phosphorus may be found limiting in natural 
ground waters 



Principles of Microbial Perchlorate Reduction 

ction of percbJgrate is apparently UbiquitQus in soil 
.Process enzymatically reduces 

*Organisms "respire" using perchlorate as an electron acceptor in 
place of oxygen or nitrate, organic carbon acts as electron 
.Microorganisms are facultative anaerobes from several different 
genera, primarily Dechloromonas and Dechloromusa 

.Nitrate is an inhibitor of perchlorate reduction, mechanism of 

rate io chliorate, then chlorite, 
with subssqiient dismrtatron to oxygen 

inhibition is unclear 
.Anoxic conditions required for perchlorate reduction, redox potential 
required for reduction to proceed lower than that for nitrate reduction 

Alamos 



3 -----> 1-25 
-pP 1 -Le11 CO oneni synthesis reaceion: 

3.5Ac +- NO, -----> C,H,O,N + 2HC03 

Combined reaction: 

0.712Ac + NO, -----> 0.485N2 + 0.03C,H,O,N + I.273HCO3 

Ac = acetate; C,H,O,N = representative cellular material composition 



lorate Weduction 

-k ------> 3 

Ac = acetate 

.Enzymatic reduction reactions: 
- 

c10, + C103 + c10, + c1 

(perchlorate) 
(per)ch lorate reductase* chlorite dismutase 

(chlorate) (chlorite) (chloride) 

+ 0 9  

*Both perchlorate and chlorate appear to be substrates of the same enzyme 
/? 



The Environmental NI n Cycle 

1 Ammonification 

I Plant Uptake 

Water Table 
Leaching 1 

A 

I 



Zn Situ Biorernediation Demonstrations 

uquerque 
e Active Amendment 

e Albuquerque 

@ ;urier in CanyCHI 

Indian Head Division, Naval Surface Warfare Center 
(IHDIV) 

.Perchlorate Electron Donor Xnj ection 

+€orizontal Flow Treatment Well (HFTW) for Perchlorate 
Reduction 

Location TBD 
A 



Denitrification De onstratio ite 

.Site is located in the South Valley of Albuquerque, NM 

.Nitrate lume covers an area of about 
Caused by sver-fertfiization of a vege 
.Nitrate-N k v d s  at 215 - 250 mg/L in heart of plume 

.At 42 ft is found a 5 ft thck clay aquitard, with a 15 ft thick 
sandyAoam soil aquifer below 
.A second clay aquitard is found at 62 ft, confining the nitrate 
contamination 

e f a m  in the 1950s 

ater table is 47 ft below groun sudace 

.Sand in aquifer is homogeneous with a saturated hydraulic 
conductivity of c d s  and a flow gradient of 0.005 ft/ft 
.Groundwater flows in an East-Southeast direction 



Denitrification Demonstration Site Aquifer 



mendment Inj 

@TWO nt iniection J svstems J were compared: 
Q Passive ““direct I msh” appIication of amendment - 9 

oints 

.Amended with so 
sodium bromide (as tracer) 
.Amounts of amendment used were based on stoichiometry, area 
and estimated water volume 

acetate, sodium trimetaphosphate and 

Direct push treated 30 x 30 x 15 ft or 13,500 cubic feet 
(30,200 gallons of water) 

treatment zone of -300,000 gallons of water 
Active system treated 100 x 100 ft2 area with circular 



Direct Push De onstration ste 
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Inverte ste 

Storage sheds 



ater from ee monitoring wells ( -E f 

Samples drawn by hand using a bailer, 2.2 well volumes 
discar s le 

de determined with Orion Ion Selective Electrode 
Nitrate and nitrite determined with Dionex DX-500 Ion 
Chromatograph 

*Inverted 5-Spot System 
Water from two nested monitoring wells, one shallow 
(-50 ft.) and one deep (-65 ft.), analyzed at 8, 23,29 and 
64 days post- treatment 
Sampling and analysis performed as in other system 



Its = Inverte 

Nitrate and nitrite concentration before and after 
treatses,a (Deep \a\B’e”’\ ’1 

f4 Before 
Treatment 
8 Days After 
Treatment 

023 Days After 
Treatment 
30 Days After 
Treatment 
64 Days After 
Treatment 

ell 

Nitrate Nitrite 
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MultiBarrier In PRB for 

5 

Cr), ni 

*Bench-scale batch studies, column studies in 1- and 2- 
dimensions to demonstrate effectiveness of each section 

.Bench-scale mock-up of full-scale system in final 
design sequence, actual groundwater used over -one 
year period 



PRB Demonstration Design 

2D Mock-up of PRB Design 



2.5 

2 

I .5 

1 

0.5 

0 

- I40 

- 120 

- 100 

- 80 

- 60 

- 40 

- 20 

- 0  

0 10 20 30 40 50 60 70 80 90 100 110 

Time (days) 

Effluent concentrations of strontium, nitrate and perchlorate from 2D box 

A 

AIamos 



IHDIV In Situ Perchlorate 

te j at India 

4Axxatsry studies show that naturally-occurring perchlorate- 
g bacteria are present in LtIfer ai site 

.Bacteria can be stimulated with electron donor (acetate or 
lactate), wiIi result in perchlorate reduction from S O  mg i i  to 
below detection, however, natural pH (-4.3) is too low 

.Buffering of aquifer to near-neutral pH will be necessary to 
ac h ieve red uct ion 

.Experimented with bioaugmentation using FBR-2 strain isolated 
from ex situ fixed-bed bioreactor reducing perchlorate 



IHDIV Perc 

0 5 10 15 20 25 30 35 
Days 

Influence of Different Electron Donors on Perchlorate Reduction 
in Aquifer Microcosms from the IHDIV Hog Out Site A 
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IHDIV Perchlorate 
r 

ill 10 

+ pH 4.3 

+ pH 4.3 + WR-2 

+ pH 7.0 + FBR-2 

-E-- pH 7.0 

---I%- Killed 

0 5 10 15 20 25 30 
Days 

Influence of pH on Perchlorate Reduction in Aquifer Microcosms 
from the IHDIV Hog Out Site (With and Without FBR-2 Inoculum) 

A 
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onclusions 

tri€ication system worked extremely well for 
day-s, c -  biofouiing: Y then became severe and the svstern J was shut 
dow 
.Nitrate and nitrite concentrations in the deep monitoring well 
were below the ground water limits of 10 mg/L at 64 days in the 
active denitrification system 
.Lab-scale demonstration of PRB system for nitrate and 
perchlorate removed contaminants to below detection for -one 
year prior to breakthrough, a modified design is due for 
installation in fall 2002 in Mortandad Canyon, Los Alamos, NM 

Afamus 



@Lab-S@de shdit3S O f  I PtX’ChIQE?k IXXhJCtiGn deI3XKkhed fEtSi?$!iI?j Of  

le sites (Jet Propulsion Lab., 1HDIV9 
ercial Facility, Lo v 4 Ammaanition 

Plant, Boeing e, Corp,) 
 st^^^^^^ is in 

bioremediation of perchlorate at IHDIV “Hog Out” Site 
.A second demonstration using HFTW Bioremediation System is 

ogress of electron donor injection for in situ 

planned for an as yet to be determined site with nitrate and perchlorate 
contamination 
.Both nitrate and perchlorate are amenable to in situ bioremediation 
using many variable engineered systems, both at land surfaces and in 

deep-well injection systems A 
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