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ExecutIve Summary

The objectIve of thIS study IS to develop an efficient, cost effectIve microbial process for

removal of nitrate from polluted ground water A small-scale bIological system IS bemg developed In

which denitrifIcation IS achieved by autotrophic bacteria usmg hydrogen as theIr energy source

Generation of the required hydrogen IS an Integral part of the denttrlflcatlon setup and IS

achieved by electrolysIs of the water to be treated In an electrolysIs cell (EC) The EG IS divided In two

compartments by a cation-exchange membrane which prevents oxygen formed In the anode from

reaching the cathode and the water to be treated (oxygen inhibits demtrlflcatlOn), water IS pumped

through the~cathodiC compartment where It IS enriched with hydrogen

Two system configurations were studied (1) a single-reactor with the b10mass In the

cathodiC compartment of the electrochemical cell (EGBR) and (2) a system consisting of two distinct

umts, an electrochemIcal cell and a bloreactor (EG+BR) In both systems granulated actIvated carbon

(GAG) served as phySIcal support for the bIomass

The establishment of various Inocula on the surface of GAG was studied as well as the overall

performance of the denttrlflcatlon systems with different Inocula

The mam practical conclUSions that can be drawn from the studies carned out dUring the past

year are

• The two-reactor configuration IS the most SUitable for upscahng and long-term operation

• The establishment of biomass on GAG IS rapId, and the start up phase of the reactors lasts a few

days only

• Among the Inocula tested, a mixture of strams (Isolated from a prevIous reactor which had been

Inoculated with an enrichment culture from an oXIdation pond) was the most effectIve, yielding

the highest rates of demtrlflcatlon and the lowest breakthrough of mtrlte

A setup for the measurement of dissolved hydrogen was developed In collaboratIon with T

BeJerano, the electrochemlst advIser to the Israeli group

Istvan KISS, a Ph D student form the Hungarian group has been In the Israeh laboratory since

April



3

Table of contents

Executive summary

Section I

Research objectives

Research accomplishments

SCientifiC Impact of collaboration

Descnptlon of project Impact

Strengthening of developing country Institutions

Future work

Section ((

Managenal Issues

Budget

SpeCIal concerns

Collaboration, travel, traInIng and publications

Request for A I D or BOSTID Actions

page 2

3

3

28

28

28

28

28

28

29

29

29

Section I

A) Research Objectives

The overall objective of this project IS to develop and standardize a simple, small-scale

biological system for the treatment of nitrate contammated dnnkIng water This Will be achieved by

denltnfylng bactena USIng hydrogen as the energy source The speCifiC research objectives are

(a) Design and operate small-scale reactors where hydrogen production and denltnflcatlon Will

be coupled

(b) Obtain nltrate- and mtnte-free water that Will require minimal post-treatment

B) Research Accomplishments

Selection of the most SUitable configuration for the denltnflcatlon system and selection of the

most effective bactenal Inoculum were the mam research accomplishments of the past year SpeCIal

attention was also devoted to the establishment of biomass In the reactors PrelimInary

charactenzatlon of bactena Isolated from the reactors was carned out

Introduction

IncreasIng nitrate contamination of current and potential dnnkmg water sources IS rapidly

redUCing the water resources In many parts of the world The process IS particularly accelerated In

developing countnes where rapid demographic and economic changes are taking place and the

concentration of human actiVities In fast growmg urban settlements IS senously threatenrng the
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the quality of the water supplies The establishment of intensive agnculture as well as the use of

effluents In Irrrgation pose an Increasmg problem of nItrate contamination of the aquifers ExceSSive

levels of nitrate In some countnes have required the capping of drinking water wells which m turn

forces people to resort to contaminated surface water

In Hungary, elevated nttrate level In natural water sources IS a Widespread phenomenon

Several dozen of the country's small Villages are already so heavily contaminated that bottled drmklng

water has to be shIpped In Denltnflcation of drinking water IS not a common practice even at the

water treatment plants of large settlements, and the adverse public health effect of the steadily

increasIng nitrate accumulation reaches a growing number of consumers FindIng alternative non­

polluted aqUifers and bUildIng long water conduits have been considered to be very costly and often

Impossible the present mode of transferring potable water In plastiC bags IS neither satisfactory nor

sustamable Thus, nttrate removal from the contaminated water sources IS urgently needed, and

simple, cost-effective methods are reqUired

The biological method generally applied In mtrate removal relies on the capacity of certain

bactena to use nitrate under anaerobic conditions as a terminal electron acceptor m their respiratory

processes ThiS IS achieved through a senes of enzymatic steps (denltnflcatlon) and results In the

reduction of nttrate to N2

Denttnflers are abundant rn nature (Gamble et al. 1982) and are prlmanly heterotrophs - an

organic carbon substrate IS required for both energy and cell syntheSIS Known exceptions are sulfur

oXidizers which can utilize elemental sulfur and thiosulfate (or even sulfide m limited quantity) as

the electron donor for denltnflcatlon, and hydrogen oXidizers which can use hydrogen as the electron

donor for denltnflcatlon

Hydrogen gas IS an Ideal energy substrate for denltnflcatlon In the sense that It IS completely

harmless to potable water and no further steps are reqUired to remove either excess substrate or ItS

denvatlves which IS the case with other organtc (e g , methanol, acetate, ethanol) and inorganic (e g ,

sulfur) substrates In addition, smce only a few species can carry out H2-dependent denltnflcatlOn,

the production of biomass IS very low

In spite of the obVIOUS advantages the use of H2 IS limited by two of ItS Inherent properties

formation of flammable and explosive mixtures with oxygen, and very low solubility In water (1 6 mg

11 at 200 C)

In recent years, two new approaches have been descnbed which aVOId the disadvantages

associated With the use of H2 The first, proposed by the Hunganan partner and co-workers, uses an

Immobilized mixed bactenal population containing speCially selected H2 producmg bactena and

denrtnflers, H2 IS safely and effectively delivered to the denrtnfylng bactena by rnterspecles H2

transfer but organtc carbon IS reqUIred for the production of H2 (Kovacs and Polyak, 1991)

In the second approach, descnbed by Sakaklbara and Kuroda (1993), H2 was produced by the

electrolysIs of water A film of denltnfyrng bactena was allowed to develop on the surface of a cathode

while the anode was kept clean, electnc current was then applied, and the hydrogen produced at the

cathode was Immediately taken up by the mlcroorgantsms on ItS surface The current study IS based on

the approach of Sakaklbara and Kuroda (1993)
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StoIchIometry of the process

The net chemical reaction descnblng the hydrogen-dependent denltnflcatlon reaction IS

2 NOs + 5 H2 + 2 W ~ N2 + 6 H20 ( 1 )

The hydrogen IS provided by the cathodic reaction

10 e + 10 H20 ~ 5 H2 + 10 OH ( 2 )

Combining equations (1) and (2) and rearranging gIves

10 e + 2 NOs + 12 W ~ N2 + 6 H20 (3)

Assuming that the sole anodic reaction IS

5 H20 ~ 21/2 O2 + 10 W + 10 e ( 4 )

and that there IS no separation between the anode and cathode (undivided electrochemical cell) then the

net reaction IS given by

2 NOs + 2 W ~ N2 + 21/2 O2 + H20 (5)

In this case, one equivalent of aCId IS needed for each mole of nitrate

If the EC IS separated by a catIon-exchange membrane, and dilute sulfunc aCid IS used as an

anolyte,- then most of the current - about 95% - will be camed through the membrane by protons

Thus, similar demand for aCId IS expected m both divIded and undivIded electroreactors Only mmor pH

changes are expected at the concentrations of nitrate used m these studies

Matenals and Methods

ExperImental set up

Two system configurations were studied (1) a single reactor (Fig 1) with the bIomass m

the cathode compartment of the electrochemical cell (ECBR), and (2) a system conslstmg of two

dlstmct umts (Fig 2), an electrochemical cell and a bloreactor (EC+BR)

The basIc design of the electrochemical cell (EC) IS schematically represented m FIg 3 and

was Identical m both systems, except for differences In dimenSions descnbed below A Naflon 350

cation-exchange membrane (Du Pont Wllmmgton, DE) separated the two electrodes and Hypalon

rubber spacers mtercalated between the membrane and the electrodes created cathodic and anodic

chambers Plates of rubber (3 mm thick) PVC (1 cm thick) and stainless steel (1 cm thiCk), In thiS

order, followed each electrode, and the dIfferent layers were held together by four stamless steel

screws and bolts The rubber plates and spacers were 3 mm thick except for the spacer In the cathodic

side of the ECBR system which was 6 mm thick The anode was made from a plate of 2 mm thick

titanium coated with platmum-Indlum oXide and the cathode was made from 5 mm thIck graphite

plates The dimenSions of the electrodes and of the cathodic chambers In the two demtnflcatlon

systems are summanzed In Table 1 The electrodes were connected to a Sunnse RPS 3025 power

supply

The EC was kept m the vertical position and penstaltlc pumps regUlated the flow of the

solutions a 1 N H2S04 was reCIrculated In the anodiC chamber and the feed solution flowed through the

cathodic chamber
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Outlet vessel

Feed vessel

Fig SchematIc representation of the smgle reactor system (ECBR)
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BR

Feed vessel

Fig 2 Schematic representation of the two-reactor system (EC+BR)
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Fig 3 Schematic representation of the electrochemical cell

The feed solution consisted of tap water amended with phosphate (1g KH2P04 11), bicarbonate (007 g

NaHC03 11) and nitrate (usually around 0 16 g KN03 11
), the feed reservoir was gently sparged with

N2 (to remove dissolved oxygen)

Pre-washed 085 - 1 70 mm matrrx granulated activated carbon (GAC) served as biomass

substratum In the single-reactor system (Fig 2) the cathodic compartment was filled with 35 g GAC

In the two-reactor system the feed solution was enriched with hydrogen In the EC prior to entenng a

column packed with 4 5 cm diameter and 45 cm high bed of GAC (Fig 3) The reactors were kept at

25±1°C

Table 1 EC charactenstlcs In the single-reactor system (ECBR) and In the two-reactor

system (EC+8R)

ECBR EC+BR

Electrodes Dimensions (cm) 17 x 9 12 x 7

Area (cm2) 153 84

Cathodic chamber Dimensions (cm) 14x7x06 9x5x03

Volume (cm3
) 60 13 5

GAC (g) 35

VOId volume (cm3
) 17

The following water parameters were routinely monitored concentrations of nitrate, nltnte,

ammonia dissolved organic (DOC) and Inorganic carbon (DIC), and pH Bactenal counts were carned

out less frequently
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Inoculum

Various Inocula were studied (1) Paraccocus demtntlcans 22, (2) strains A4, M2, M3 and

P11 Isolated from prevIous reactors which had been Inoculated with an enrichment culture from an

oXidation pond) and (3) vanous combinations of the strains under (2)

The effect of the Inoculum pregrowth conditions, autotrophic and heterotrophic, was studIed

by cultivating cells In mmeral medium (Schlegel et aI, 1961) or m nutrient broth Routmely, cells

were grown In nutrient broth, harvested by centrifugation followed by washmg and resuspenslon m

minerai medIUm The suspension was then recirculated through the reactors for 3-5 days unless when

indicated otherwise

Batch cultures In GAC

Batch cultures were prepared In 250 ml Erlenmeyer flasks contamlng 15 g GAC and 100 ml

of IiqUla- medium The media tested were the minerai medium of Schlegel et al (1961) In which

ammonra was replaced by 45 mg nrtrate-N 11 and enriched With a2 % (wlv) of either acetic aCid or

sucrose, or nutrient broth containing 45 mg nrtrate-N 11 The cultures were Incubated for 24 days at

25°C under static conditions With media replacements on days 5, 12 and 17

Adsorption ot bacteria to GAC

Mixed and Single strain cultures were prepared m nutrient broth containing 45 2 mg mtrate­

N 11 After 48 h the cells were harvest by centrifugation (15 mm at 4 500 rpm), washed With

a85% NaCI and resuspended In mmeral medium Each suspension was then reCIrculated at a rate of 1

ml min 1 through a (50 or 75 cm high, a8 em diameter) column packed With 16 g GAC Changes In

OD600 of the suspensions were mOnitored dUring 24 h and the Initial readmgs were normalized In one

experiment With strain A4, the pH of the fmal suspension was 35, 725 (control pH of minerai

medium), 84 or 9 9

The columns were then supplied With feed solution (tap water amended With mtrate,

bicarbonate and phosphate) at a rate of 3 ml min 1 After 24 h, GAC samples were removed for

determmatlons of protem, polysaccharides and denitrification activity

In the experiment With chltosane-treated GAC, a stock solution of a5% (w/v) chltosane In 1%

(v/v) acetic aCid was diluted 1 10 and 1 100 With minerai medium, 25 g GAC were added to 100 ml of

each dilution and stirred for 6 h Controls Without chltosane were also prepared The vanous batches

of GAC were aIr dried prior to packing Into 50 cm high 0 8 cm diameter columns An Inoculum was

prepared and diVided Into four batches, all the follOWing steps of the experiment were as descnbed

above

Charactenzatlon ot bacterial Isolates

Isolates were characterized uSing standard methods (Gerhardt et ai, 1994) The follOWing

parameters were studied appearance of colOnies on different media, shape of bactena, Gram reaction,
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oXidase activity (by the addition of 1% aqueous tetramethyl-p-phenylenedlamme on filter paper)

catalase activity (formation of bubbles with a 3% hydrogen peroxide) and accumulation of polY-13­

hydroxybutyrate granules (stammg with Nile Blue) The ability to demtnfy was determined as

descnbed by TledJe (1982) uSing Durham tubes and nutnent broth supplemented with nitrate or

mtnte, tests showmg gas accumulation were confirmed by assaying for the detection of nitrate and

nltnte (Morgan, 1930) Additional physiological charactenstlcs were determmed by means of API 20

NE (Blomeneux France) and Blolog (Blolog, USA) diagnostic kits

Assay of denitrifIcatIOn actIvIty

Measurements of rates of denitrification were by the method of C2H2 inhibItion of N20

reduction Triplicate assays were carned out m 9 ml glass bottles (with butyl rubber septa In screw

caps) contalnmg 3 ml of mmeral medium of Schlegel et al (1961) (as described by Aragno and

Schlegel 1992) supplemented with 113 mg nrtrate-N 11 and 0 2% (vlv) acetic aCid (pH

readJusted), 1 2 mg 11 chloramphenrcol and the GAC sample (0306 g dry weight) to be tested The

bottles were flushed with N2 to remove all traces of O2 Approximately 0 6 ml of acetylene was

mJected mto the gaseous phase (10% fmal concentration) and the flasks were mcubated at 25°C After

24 h the flasks were shaken (to ensure eqUIlibration of N20 between gas and aqueous phase) and the

concentration of N20 was determined m 0 1 ml samples removed from the gaseous phase The total

amount of N20 formed (M) was calculated uSing the Bunsen absorption coeffiCient accordmg to the

followmg equation

M =Cg (Vg + V, a)

where Cg IS the concentration of N20 In gas phase, Vg IS the volume of gas phase, V; IS the volume of

liqUid phase, and a IS the Bunsen absorption coeffiCient The Bunsen absorption coeffiCIent for N20 In

water at 25°C was 0 544 (Wilhelm et at, 1977)

Anatytrcat determmatlons

NItrate was determmed as descnbed by Cataldo et at (1975), mtnte and ammonia were

assayed according to Snell and Snell (1949) and direct Nesslenzatlon (APHA, 1992) respectively and

the concentrations of DOC and DIC were determmed With a high-temperature TOC analyzer (Dohrmann

DC-190, Rosemount Analytical Inc, Santa Clara, California)

Protem was determmed by the method of Lowry et at (1951) usmg crystalline bovme serum

albumm as standard GAC samples were transferred to small test tubes and treated With 1 ml of 1 N

NaOH, for 30 mm In a shaking water bath at 60°C, after centnfugatlon protein concentrations were

determmed In 0 2 ml ahquots of the supernatant

Polysacchandes were determined m GAC samples treated With 1 ml of 001 M EDTA for 30 mm

m a shakmg water bath at 60°C The concentratIon of total sugars was determmed m 0 5 ml allquots

by the phenol-sulfunc method (DubOIS et at, 1956)

Nitrous OXide determmatlons were camed out With a gas chromatograph (GOW-MAC

Instrument Co , Terrance, CA, USA) equipped With a thermal conductivity detector and a Porapak Q

(Supelco, Inc, Bellefonte PA, USA) column The detector temperature was 50° C and the flow rate of
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the carner gas, helium, was 25 ml min 1 The gas chromatograph was connected to a Hewlett Packard

(Avondale, PA, USA) 3390A Integrator

The weIght of GAG samples used In the assay of demtrIflcatlon activity and In the determination

of protem concentrations was determined by drying to constant weight at 105 °G

Amperometflc analyzer for dissolved hydrogen In aqueous solutions

As commercial analyzers for dissolved hydrogen In aqueous solutIons are very expensIve we

decIded to try to construct ourselves an amperometrIc, analyzer similar m principle to those for

dIssolved oxygen The electrochemical cell, Fig 4, comprised a platinum workmg electrode (WE) In

the shape of a ring, and a Ag/AgGI reference electrode (RE), both concentrically enclosed In a glass

tube filled with about one ml of a 3M KCI solutIon A porous polypropylene membrane sealed the cell

with the aid of a Vlton O-nng

Pt

Smtered Glass

3M KCl Sol

Fig 4 Assembly of the electrochemical cell of the hydrogen analyzer

The cell was controlled by a potentlostat (mlcrostat Model 1503) A constant potential of +

o6V was applied on the WE versus the Ag/AgCI RE To enable measurement of the expected low

currents, In the range of 10 5 Amps, a precise resistance of 106 Ohms was connected between the

counter electrode-CE and the RE outputs of the potentlostat (Fig 5) Measurement of the potential

drop on the resistance, by a hIgh Impedance voltmeter such as pH meter, served as the current

momtor, (1 mV corresponds to 1nA) The current through the RE output IS negligIble - less than 0 01

pA

The current In thiS system IS controlled mamly by the dIffUSIon through the membrane, with

only minor Influence of the stlrnng of the analyzed solution, therefore It IS expected that a linear

dependence Will eXist between the current and the hydrogen concentration In FIg 6 a calibratIon

curve done with vanous dilutIons of a H2 saturated solutIon IS shown As expected the experimental

dependence was close to linear Our objective was not to determine exact concentrations of H2 for mass
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MICROSTAT MODEL 1503

CE RE WE

Fig 5 Connection of the mlcrostat to the cell In Fig 4 and to the current measunng set-up
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Fig 6 Hydrogen calibration curve

balance calculatIons but rather to detect H2 In the reactors effluent as a means to verify that the

supply of electron donor was not limiting

Bacterial counts

Colony forming umts were counted In water samples by standard plating techmques on R2A

agar (Dlfco LaboratOries) The numbers of demtnflers were estimated by the most probable numbers

counts In the medium of Focht and Josef (1973) as descnbed by nedle (1982), tubes were Incubated

In a Forma SCientific (Malhncrodt Inc, Manetta, Ohio) anaerobic chamber

Results and DISCUSSion

The main POints studied dUring the past year were

• Inoculum type Single strains, mixtures of known strains, enrichment culture

• Blofllm establishment

• Long-term stabIlity and performance of reactors
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• Process design - smgle reactor and two-reactor systems

• CharactenzatIon of bacterial Isolates obtamed from the reactors

Throughout these studies the ultimate aim of the project - to develop a simple and user

friendly denitrification process - was kept m mmd Thus, mstead of carrymg out a systematic and

sequential study of all the parameters listed above, various expenments were run m parallel and

usually the Simplest approaches turned out to be satisfactory and were selected An example was the

type of moculum Prelimmary smgle-stram studies carned out m liqUid cultures showed that stram

A4 was the most effiCient demtrlfler and the stram was used m a number of studies on blofllm

establishment The use of smgle strams m "real lIfe" would be less practical but the effort might be

Justifiable by the supenonty of the performance However, as It IS shown below, the reactors

moculated With A4 were not more effiCient than those moculated With an enrichment (mixed) culture

and the research on A4 was discontinued

Summanzed below are some of the results obtamed

SlaMm Establishment

Batch Expenment

The objective of thiS expenment was to determme If any of the demtnfylng Isolates tested was

a faster colomzer than the others Thus, the establishment on GAC of strains A4, M2, M3 and P11 was

studied In batch cultures In mmeral medium With acetate or glucose as sole carbon source The

concentrations of protein and polysaccharides and demtrlflcatlon activity m samples of GAC removed

from the cultures were used as mdlcators of blofllm establishment (Fig 7)

The concentration of protem Increased With time In all cultures With the highest growth In

nutrient broth and the lowest In acetate (Fig 7 row 1) The concentration of polysaccharides

OSCillated, and m the acetate and nutrient broth cultures It tended to be hIgher dUring the first two

weeks In glucose the pattern was not clear and some of the OSCillations may have been due to the

Interference of glucose In the polysaccharide detection method (Fig 7, row 2) The demtrlflcatlon

capacity In GAC samples removed from the batch cultures was expressed In two ways as mg N20-N g 1

GAC (Fig 7, row 3) or as mg N20-N mg 1 protein (Fig 7, row 4) With the former method of

expression, an Increase In actiVity was observed dUring the first two weeks followed by

approXimately constant rates When expressed on a protein baSIS, the highest denitrification rates

were observed around days 5 to 10 (FIg 7, row 4) and thiS discrepancy might be explained by mass

transfer limitations follOWing the Increase In blofllm thickness as indIcated by the Increase In protein

(Fig 7, row 1) From the demtnflcatlon activity results one can conclude that although stram A4

appeared to be the most actIve, no major differences eXisted among the various strains and treatments

and that the thin blofllms were the most effICient
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Column experiments

Effect of pH

A short-term expenment was carned out to determme the effect of pH on the bactenal

colonrzatlon of GAC After pregrowth m nutrient broth, A4 bacteria were harvested, washed and

resuspended In standard mmeral medium (pH 7 25) or mmeral medium adjusted to pH 3,5, 8 4 or

9 9 The optical density at 600 nm of each suspension was measured prior to pumpmg mto GAC­

packed columns for 24 h m a recirculation mode, changes m optIcal density were monrtored (Fig 8,

line graph) The columns were then operated under identical standard conditions for 24 h after which

concentrations of protem and denrtnflcatlon activity were measured m GAC samples removed from the

bottom, middle and upper sections of the columns (Fig 8, bar graphs) The highest adsorption of the

bactenum occurred at the highest pH tested (9 9) has shown by the decrease m OD dunng the fIrst 10

h (Fig 5, Ime graph) By the end of the experiment, a similar trend eXisted m the accumulation of

protem and the rates of denrtnflcatlon the column which had been maculated at pH 9 9 showed

slgnrflcantly higher values (Fig 8, bar graphs)

Effect of Chltosane

Chltosane, a soluble deacylated form of the natural polymer chltm, contams ammo groups

which have been used as reactive groups In mlcrocarners for cell cultivation (Gememer et aI,

1994)) Tests were camed out to determme if chltosane would Improve the adsorption of moculum to

the reactor bed Chltosane was solubilized m acetic aCid and applied to GAC as desCribed under

matenals and methods A stock solution was prepared contammg chltosane and acetic aCid and diluted to

give fmal concentrations of a 5 or a 05 mg chltosane 11, controls contamed acetic aCid and no

chltosane were also prepared and each of the four solutions was used to treat a batch of GAC Four

columns were then packed and maculated as follows cells grown m nutrient broth were harvested,

washed, resuspended m mmeral medium and diVided mto four batches which were recirculated dUring

24 h through each column Only after 9 h the optical denSities of the suspensions passmg through

chltosane-treated GAC became lower than those of the controls suggestmg that the chltosane effect was

not due to Simple adsorption (Fig 9, Ime graph) The columns were operated for further 24 h under

routme conditions (I e , fed with tap water amended with nitrate, bicarbonate and phosphate) pnor to

removal of GAC samples for analysIs The levels of protem were higher m chltosane-treated GAC the

effect on denrtnflcatlon activity was not clear (Fig 9 bar graphs)

Effect of different bacterial mocula

Columns maculated with a suspension of one of the Isolates A4, M2, M3 and P11 (pregrown In

nutrrent broth and washed as descnbed under matenals and methods) were operated for one week,

after which samples of GAC were analyzed for protem, polysacchandes and denrtrlflcatlon activity

(Fig 10) No major differences were found on the levels of polysaccharides and of denrtnflcatlon

actiVity per weight of GAC although those of M2 might be somewhat higher
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Denitrification sYstems

The reactors presented here were Inoculated with strains P11 or A4 or with the mixed

Inoculum and they are designated accordmgly However It should be stressed the experiments were

conducted under non-stenle room conditions

Two-reactor system CEC+BR)

The reactors were operated for 80 or 140 days at vanous feed rates and current mtensltles

(Figs 11-13) The overall performance of the system moculated with the mixed Inoculum was

supenor with rates of N removal m 3 reactor d 1 some five-fold higher than these In the reactors

Inoculated with A4 or P11 Furthermore, the mixed Inoculum resulted on the lowest accumulation of

nltnte, even at high breakthrough of nitrate (Fig 13, days 54-70) Low accumulation of nltnte IS an

Important consideration In dnnkmg water treatment although It IS sufficient to lower the

concentratIon of nltrate-N to 11 29 mg 11 (WHO 1984) In practice breakthrough of nitrate IS often

accompanIed by the undesirable presence of nitrite

By the time the last measurements were taken (after more than 3 months of operatIon) the

system was stable and was operatmg under capacity Expenments with strictly controlled feed rates

are In progress In order to establish the relationship between v and N removal and between I and N

removal

The concentratIons of polysacchandes and the denItnflcatlon activity In samples of GAG were

also higher In the system Inoculated wIth the mixed Inoculum than In those Inoculated wIth A4 or P11

In general, demtnflcatlon activities and biomass were higher at the mlet end of the columns and

decreased towards the outlet (Fig 14)

No signs of cloggmg of the bed were observed Entrapment of gas bubbles occurs In fine

matnxes (Soares et ai, 1989, 1991) but the GAG particles were large enough to preclude thiS

problem

Smgle-reactor system CECBR>

Summanzed m Figs 15 and 16 are the results obtamed In reactors Inoculated with stram A4

and with the mixed moculum In the latter, mtnte was seldom detected, even m the presence of high

concentrations of mtrate In general, the rates of N removed m 3 d 1 were In the same order of

magmtude m both reactors The detenoratlon observed after day 40 In the "mDe" reactor appeared to

be due to the formation of scale which covered part of the cathode and solidified m a hard block the GAG

granules m the lower half of the bed ThiS reduced the effective surface area of the electrode and the

blofllm and limited mass transfer
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ConclusIons

In short, the main practical conclusions that can be drawn from the above results are

( 1) Although the calculated rates of demtrlflcatlon per m3 of reactor per day were higher In the

single-reactor system, the two-reactor system IS supenor The EC IS the most complex and

expensive component, and increasing the volume of the bed Will be more costly than uSing a

small EC with a larger BR Furthermore, a comparison between Figs 13 and 16 shows that the

calculated rates of denltnflcatlon In EC+BR system were an underestimation since most of the

time mtrate was limiting, thiS was not the case In the ECBR system which was operated at

over-capacity The bed volume In the EC+BR system was ten times larger than that In ECBR

and a higher volume of water was treated per energy Input

The formation of scale In the ECBR system brought about an Irreversible detenoratlon

of ItS performance In the EC+BR system the accumulated salts were not In direct contact with

the biomass and could be eaSily removed by disconnecting the BR from the EC while passing a

diluted aCid solution through the cathodic chamber

( 2 ) Nitrite was absent or In very low concentration In the effluents from reactors moculated with

the mixed Inoculum, even when the concentration of nitrate was relatively high

( 3 ) The startup phase of the reactors was short This was due to the rapid establishment of

biomass

( 4 ) The mixed Inoculum was more effective than each one of ItS components alone
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C) SCientifIC Impact of CollaboratIon

Istvan KISS, a Hungarian Ph D student who has been In the Israeli laboratory, has been a good

bndge between the two groups On his return to Hungary at the end of March 1999, Istvan KIss will

set up reactors similar to the ones bUilt In the Israeli laboratory Thus the Hunganan group will take

full advantage of the advIsory services of Dr T BeJerano, the electrochemlst adviser to the Israeli

group

D) Description of Project Impact

As desCribed under E) the project has upgraded the research capacity of the Hungarian

institution It has Introduced a new Ime of applied research and has allowed tramlng of young

SCIentists It IS expected that by the end of project a blue pnnt Will be drawn for the Immediate

application of the demtrlflcatlon technology which IS bemg developed

E) Strengthemng of Developing Country Institutions

The project Investment has allowed the HungarIan institution to undertake the baSIC research

required to back up the practical solution of a very pressing local problem It has provided the funds

to support two Ph D students In the Hungarian institution These students have also been mVlted to

JOin the Israeli team where they have the opportumty to work and mteract with a larger and diverse

group of SCIentists with long experIence on water treatment In our View, thiS has been one the most

Important and lastmg contrIbutions to the developmg country institution

F) Future work

The project IS progressing on schedule DUrIng the coming year long-term performance of the

reactors Will be studied The effects of water velOCity and current mtenslty on the removal of mtrogen

Will be analyzed GUIdelines for the system upscallng Will be drawn The dynamiCs of the bacterial

population Will be studied and Isolates Will characterized

Section II

A) ManagerIal Issues

No speCial managerial Issues have arisen dUrIng thIS year The project schedule has not been

changed

B) BUdget

No bUdgetary changes took place or were requested by us dunng the last year
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C) Special concerns

No change In the protocols was or IS required

D) Collaboration. Travel. TraInIng and Publications

Istvan KISS, a Ph D student from the Hungarian group has been In the Israeli laboratory SInce

Apnl, he wIll leave at the end of March when another Hungarian Ph D student, SZllvla Szekeres will

JOIn the Israeli group

The Israeli PI vIsited the Hungarian group In May and another VISit IS planned to take place In

May 1999

A paper will be prepared for presentation at the 7th International Conference of The Israel

Society-for Ecology and EnVironmental Quality SCiences held In conjUnctIon With the RegIonal

Conference of the International Water Resources Association on Water and EnVironmental Cooperation,

In Jerusalem, 13-18 June 1999, and for subsequent publlcatlon In Water SCience and Technology

6) Request for American Embassy Tel AVIV, A I D or BOSTID Actions

For the time being we do not request assistance of the A I D or BOSTID staff


